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Early in the nineteenth century meridian observerts 
noticed certain systematic errors in star positions 
which were ascribed by Bessel and DeBall, among 
others, to variation in refraction, apparently of a 
seasonal nature. Little was done, however, to deter- 
mine the nature and amount of these errors until the 
latter part of the century, wdien Lewis Boss, Auweiis, 
and New'comb, in foi’ining their fuiulamental systems 
of positions, recognized the existence of systematic 
errors dependent upon right-ascension, the seasonal 
effect, and upon declination. Various suggestions were 
made as to tlu^ physical causes of these errors but, 
owdng to the difficulty in defining the effects of the 
various sourcc^s of error on the observations, it became 
the common prmitice to eliminate them, as far as 
possible, by proper eombiniitions of ol>s(U'vationH and 
by means of systomatie (!orre(fidonB derived from eom- 
parison with a fundamental catalog upon the assump- 
tion that th(? systematic errors had been eliminated, 
or at least mateiially reduced, in the formation of tin? 
fundamental catalog by the eomliination of observa- 
tions from various sources, taken with different instru- 
ments, under wid(dy dillnring conditions and rc^duced 
bv different methods. Thus wen* introduced into 
Positional Astronomy the well-known eorr(M‘,tions Aa«, 
Aas, ASa, and Afia. The two terms dt^pemlcnt upon a 
have the form ( a sin a + h co|3 a + c sin 2a + d cos 2a). 

In s(Hddng an explanation of the Kimura kn’in in 
the variation of latitude Ross (1) suggested in 11)12 
the possil)ility of a “secular refraction starting at 
sunset” or a seasonal refraction effect of the form 
r = a “b |3 cos G + 7 sin 0 


In the same year Tucker (2) published a discussion of 
the position of the mire at Mt. Hamilton deriving a 
set of empirical corrections necessary to reduce the 
observations of the early hours of the night to a stand- 
ard value. In 1918 the same writer (3), in a paper on 

^AdTmomm'.ha Nitchmhim 142, 1912, 

'^Lick OhamHiUnr'}] liullcMn 7, 41, 1912. 

’^Lick Ohmmlary Bulletin 7, 130, 1913, 


“Diurnal Variation of Refraction at Mt. Hamilton,” 
established a difference in the effect of refraction be- 
tween daytime and night observations, w^hich might 
be expressed in terms of a correction of the Pulkova 
refraction constant, In his paper he says, “This 
difference does not depend upon barometric pressure, 
nor upon temperature nor upon the changes of tem- 
perature during the observing hours.” Yet, later in 
the article, he offers a possible explanation of the 
phenomenon on the basis of the difference in the effects 
of temperature changes on the upper and lower air 
strata and notes that this supposition would bring 
daytime refractions into closer accord with the night. 

In the same year the author found a similar diurnal 
teim in the clock corrections derived from the 12-hour 
and 24-hour groups of stars at. San Luis. In the Year 
Book of the Carnegie Institution of Washington for 
1913 are given the values of this term for each hour of 
the day, for each of the four seasons of the year, and 
the imuui values for the twenty-two months of ob- 
serving at San Luis. In discussing these observations 
th(‘r(^ did not seem to be sufficient justification for 
attempting to eliminate this term as the Riefler clock 
was not under control. When, how^ever, the same 
term was found in clock corrections derived from the 
Albany observations where the new Roiflor clock was 
running under perfect control, it appeared that the 
diurnal effect could not be duo to the clock. This 
belief was strengthened by finding the same phenome- 
non in the Greenwich observations of 1907-8, whore 
two clocks were employcid; in the Pulkova observa- 
tions of 1894-6, where, also, two clocks wore used; 
and in the Cape 1900 observations. The results of 
these tests of observations made at other observatories 
were published in the Year Book of the Carnegie 
Institution for 1920. The same effect has been noted 
by Tucker at Mt. Hamilton and by Eiohelberger 
at Washington where at least two clocks were used. 
Thus, in the. observations of seven widely-separated 
institutions employing at least ten different clocks the 
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same erm has been found. It has been customary, 
ier0(0 ore, to ascribe the diurnal effect in declination 
0 variation in refraction and that in transits to the 
c oc c. lere appear to be no series of observations 
which are sufficiently inclusive to form the basis for a 
Kencral discussion of the diurnal effect other than those 
O k an vuis and Albany. In these two series, morning, 
afternoon, and night observations are made of all stars 
bright enough ^ to be visible with sky illumination. 
Not Ixung confined to a few selected stars, and those 
stars oliserved on selected dates, our observations are 


free from personal bias and give a true representation 
of the diurnal phenomenon. In the following tables are 
exhibited the form and values of this term for various 
combinations and stations. 

In Table A are given the seasonal values of the 
term, together with the mean from all for the San Luis 
station. The first column gives the values derived 
from the curves while the second gives the computed 
values expanded by the formula given below. There 
can be no doubt that a sin MT + cos MT + sin 2 MT 
+ cos 2 MT formula fits the curves very closely. In 


TABLE A 

DIURNAL TERM IN TRANSITS 


San Luis Edfler No. 88 


M, T. 

Mar. - 
CJiirvc 

-May 

Comp. 

June- 

Curve 

- Aug. 

Comp. 

Sept. - 
Curve 

■Nov. 

Comp. 

Deo. ' 
Curve 

- Feb . 

Comp. 

Mean 

Curve Como. 

h 

0 

■1 

-[-o!o04 

H-o!o08 

+o!o18 

+o!o19 

+o!o12 

+o!oio 

+o!o28 

+o!o33 

+o!o16 

+0.( 

318 

1 

-1- 

1 

(3 

+ 

10 

+ 

25 

+ 

25 

+ 

13 

+ 

14 

+ 

31 

+ 

37 

+ 

19 


21 

2 


8 

+ 

11 


30 

+ 

28 

+ 

14 

+ 

17 

+ 

34 

+ 

40 

+ 

22 

+ 

24 

6 

H' 1 <!■ 

10 

+ 

10 

+ 

32 

+ 

28 

+ 

16 

+ 

19 

+ 

39 

+ 

36 

+ 

24 

+ 

24 

4 

+ 

14 

+ 

10 

, + 

27 

+ 

26 

+ 

18 

+ 

19 

+ 

44 

+ 

32 

+ 

26 


22 

5 

H- 

14 

■f 

9 

+ 

13 

+ 

20 

+ 

19 

+ 

17 

+ 

37 

+ 

26 

+ 

21 

+ 

18 

b 


10 

+ 

7. 

+ 

6 

+ 

14 

+ 

19 

+ 

14 

-I- 

19 

+ 

21 

+ 

14 

+ 

14 

7 

i 1 


4 

+ 

6 

+ 

13 


8 

+ 

12 

+ 

10 

+ 

5 

+ 

15 

+ 

8 


9 

8 

+ 

4 

+ 

6 

+ 

8 

+ 

2 

+ 

2 

+ 

6 

-I- 

4 

+ 

9 

+ 

4 

“f“ 

5 

i) 

10 


0 


5 

— 

2 

— 

2 

— 

10 


0 


7 

+ 

4 


1 

+ 

2 


3 

+ 

4 

— 

6 

— 

4 

— 

7 

— 

4 

+ 

3 

+ 

1 


3 


1 

11 


5 

+ 

3 

— 

6 

— 

6 

— 

3 

— 

7 


4 


7 


2 


4 

12 

"h 

8 

+ 

1 

— 

7 

— 

7 

— 

4 

— 

10 

_ 

11 


12 


4 


6 

13 

14 


6 

— 

1 

— 

8 

— 

8 

— 

6 

— 

11 

— 

16 


17 


6 


8 

— 

1 

— 

4 

— 

10 

— 

9 

— 

. 9 

— 

11 

— 

20 

— 

25 


10 


10 

15 

— 

8 

— 

6 

— 

11 

— 

11 

— 

12 

— 

11 

— 

23 

— 

25 


12 


13 

10 

— 

14 

— 

8 

— 

12 

— 

13 

— 

14 

— 

10 

— 

26 


26 


16 


14 

17 


15 

— 

9 


14 

— 

15 

— 

13 

— 

10 

— 

26 


25 


17 


14 

18 

— 

12 

— 

9 

— 

14 


16 

— 

12 

— 

8 

— 

26 

— 

21 


16 


13 

10 

— 

5 

— 

7 

— 

14 

— 

14 

— 

8 

— 

7 

— 

17 

— 

13 


11 

— , 

11 

20 


0 

— 

5 

— 

11 

— 

10 

— 

4 

— 

5 

+ 

4 

— 

4 


3 


6 

21 

+ 

2 

— 

2 

— 

5 

— 

4 


0 

— 

2 

+ 

16 

+ 

7 

+ 

3 


0 

22 

+ 

3 

+ 

1 


2 

+ 

3 

+ 

4 

+ 

2 

-h 

22 

+ 

9 

+ 

8 

4- 

6 

23 

+ 0.003 

+0.003 

+0.010 

+ 0 

.011 

+0.008 

+0.007 

+0.025 

+0.017 

+0.012 

+0.013 



s 

sinMT 

COS MT 

sin 2 MT 

cob2MT 

Apr. 

C = +0.0019 

+0.0083 

+0.0033 

+0.0003 

+0.0028 

JuL 

= +0.0027 

+0.0146 

+ .0127 

+ .0059 

+ .0034 

Oct. 

= +0.0016 

+0.0112 

+ .0098 

+ .0023 

- .0013 

Jail. 

= +0.0062 

' +0.0206 

+ .0226 . 

+ .0000 

+ .0062 

All 

= +0.0032 

+0.0136 

+ .0121 

+ .0024 

+ .0030 
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Table B are given the mean values for Albany and 
San Luis for the two Riefler clocks covering the whole 
period of observation. No. 88 was mounted three 
times and was never under control: No. 218 was 
mounted once and was always under perfect control: 
yet, these four conditions of the clock give similar 
forms of the diurnal effect. These values, also, cor- 
respond well to a single and double sine and cosine 
formula. 

TABLE B 

DIURNAL TERM IN TRANSITS 


Albany Reiflers No. 88 and No. 218 


r ^ 



No. 

88 




No. 218 

1 


Mean 


H 

1907 — 

8 

1911 — ] 

L3 

1915 — 18 

S. Luis- Albany 


Obs’d Comp. 

Obs’d Comp.l 

Obs’d Comp. 

Obs’d Comp. 

11 



8 


S 

B 


B B 



B 

s 

0.5 


• • • • 

t • • ■ 


* « • « 

• • • » 

+0.002 +0.004 

+0.002 +C 

1.004* 

1.5 

+0.008-0.005 

+0.080+C 

1.050 

+ 

7+ 

6 

+ 

11 + 

7 

2.5 

— 

19 

0 


« i ■ > 

• » t « 

— 

5+ 

10 

— 

18+ 

10 

3.6 

— 

3+ 

s 

+ 

47+ 

49 


4+ 

12 

+ 

6+ 

12 

4.5 

+ 

27+ 

18 

+ 

40+ 

40 

+ 

22+ 

13 

+ 

24+ 

14 

5.5 

+ 

47+ 

26 

+ 

19"!^ 

32 

+ 

21 + 

13 

+ 

24+ 

14 

G.6 


03+ 

33 


21-1- 

17 

+ 

13 + 

13 

+ 

20+ 

16 

7.6 

— 

5+ 

35 

+ 

8+ 

12 


14+ 

13 

+ 

10+ 

16 

8.5 

+ 

19+ 

31 

+ 

10+ 

11 

+ 

7+ 

13 

+ 

9+ 

14 

9.5 

+ 

16+ 

20 

+ 

19 + 

13 

+ 

13+ 

13 

+ 

14+ 

14 

10.6 

+ 

2+ 

6 

+ 

26+ 

20 

+ 

11 + 

13 

+ 

10 -I" 

13 

11.5 


8- 

10 

+ 

27+ 

27 

+ 

10+ 

13 

+ 

12+ 

11 

12.5 

+ 

1- 

23 

+ 

24+ 

31 

+ 

17+ 

12 

+ 

12+ 

9 

13.6 

— 

23- 

34 


4 * 4 m 

4*44 

+ 

6+ 

10 

+ 

3+ 

6 

14.5 

— 

70- 

41 


■ • ■ B 

m 4 4 t 

+ 

15+ 

7 

+ 

10+ 

2 

15.5 

— 

.57- 

41 


• » t • 

4 W * * 

+ 

2+ 

3 

— 

7- 

2 

10.6 

— 

32- 

37 


• • 4 i 

i > I • 

— 

3- 

3 

— 

7- 

7 

17.5 

— 

31- 

28 


k • • * 

• 4 B • 

— 

18- 

8 

— 

20- 

10 

18.5 

— 

7- 

21 

— 

16- 

12 

— 

6- 

11 

— 

6 - 

12 

19.5 

— 

7- 

13 

— 

22- 

15 

— 

12- 

14 

— 

12- 

13 

20.5 

— 

10- 

9 

+ 

4- 

12 

1 — 

12- 

14 

— 

10- 

12 

21.5 

— 

( 5 - 

7 

+ 

11- 

4 

: — 

18- 

12 


13- 

10 

22.5 

— 1 

0.015- 

0.004 

+ 

10+ 

11 

— 

19- 

8 

1 — 

16- 

6 

23.5 

1 


■ ■ ■ ■ 

* » • « 

{ 

9.018+0.022 

+0.022-0. 

003 

+0.016- 

0.002 


KinMT cohMT 8in2MT co8 2MT 

H B fl B B 

1907-08, CJ = -0.0040 -1-0.0277 -|-0.0043 -0.0144 -0.0079 

1911-13 = -1- .0201 -1- .0168 -I- .0016 + .0187 + .0110 

1915-18 = + .0038 -i- .0113 - .0007 -|- .0039 «+• .0021 

1007-18 = -f- .0034 + .0129 - .0046 + .0018 -b .0018 

In Table C are given the mean values of the four 
meteorological co-efficients of the atmosphere. These 
values are mean annual values for each hour of the day 
and are compiled from the reports of the New York 
Meteorological Observatory. The effect, also, of bar- 
ometer and thermometer on the Pulkova refractions is 
given. The first column in each group gives the 
observed value, the second the diurnal term in the 
observed, and the third the diurnal term computed by 


the same formulas used to represent the similar term in 
the clock-corrections. The diurnal term in zenith-dis- 
tance, shown in a later table, is of similar form. In other 
words, the phenomenon found in the observed transits 
and the observed zenith-distances is of the same form 
as that shown to exist in the meteorology, a natural 
phenomenon of the form a sin MT + h cos MT 
-}- c sin 2MT + d cos 2MT. Therefore it would seem 
unreasonable to attribute systematic error in transits 
to as perfect a piece of mechanism as the modern 
astronomical clock and to seek a widely, different reason 
for a similar term in zenith-distances. In view of the 
similarity between the diurnal term in transits and 
zefiith-distances and the diurnal changes in the state 
of our atmosphere, is it not the most natural course to 
examine our observations for a refractional effect? 

But to find a logical explanation of the diurnal term 
it is necessary to disregard the conclusions of many 
writers on refraction, to modify the theory on which 
all our refraction tables have been based and assume 
that there is a varying prismatic effect due to the changes 
in the strata of our atmosphere. This may appear rank 
heresy until the reader has digested the results pre- 
sented in this paper but, once digested and absorbed, 
it must appear a very natural and logical explanation 
for part, at least, of this troublesome phenomenon. 
It is evidently wrong to assume that the strata of fjhe 
atmosphere are horizontal with the Earth^s surface and 
to neglect the consideration of a changing prismatic 
effect. In fact, examination of twenty-two series of 
observations extending over two years leads to the 
conclusion that the term Anomalous Refraction 
should really be applied to the rare case when there is 
no c.hange in the prismatic effect of the atmosphere, 
that this prismatic effect gives rise to a differential of 
the vertical refraction and affects both our right- 
ascensions and declinations. 

Let PV represent the prime vertical, MN) the 
meridian, and Z, the zenith. Imagine the atmosphere 
to bo so constituted that, due to causes to be con- 
sidered later, it produces a changing prismatic effect 
upon the rays of light from the star and let AB rep- 
resent the direction of this prismatic displacement. 
Call M the index of refraction, as it were, of the air. 
If IX remained constant we would have just Fn as a 
constant correction to the vertical refractions already 
applied. But we assume that y. varies with the time 
of day and we call the rate of change of ixj p. So we 
have a second term Fyp. As will be seen from the 
figure, when p is positive the star is apparently at Z', 
while when p is minus the star is apparently at Z". 
Or, for H-p the apparent meridian is east of the true 
MNf the stars transit too early and we have to apply 
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TABLE C 

DIURNAL TERMS IN METEOROLOGY 


sin 2 cos 2 

sin MT cos MT MT MT 

Barometer Diurnal — -1-0.0003 —0.0126 +0.0014 —0.0152 +0.0069 

Shade Temp. Diurnal +0.10 +3.33 + 2.05 +0.71 +0.28 

Hygrometer Diurnal =+0.09 -6.61 - 4.69 +1.40 —0.40 

Sun Temp. Diiu'nal=+0.05 +4.68 +18.96 +1.89 +6.76 
Shade Temp.pDiurnal= 0.000 +0.133 - 0.159 +0.062 -0.068 
SunTemp.p Diiu:nal= —0.004 +0.943 — 0.127+0.653 —0.018 

a greater At to the transits, while for — p the apparent 
meridan is west of MN, the stars transit too late and 
we have to apply a smaller At to the transits. Similar 
reasoning will apply to zenith-distances. The dis- 
tances zz' and zz" can be resolved into their rectangular 
coordinates a and h: a is considered the sine com- 
ponent and 6 the cosine component. The sine com- 
ponent is the shift in zenith-distance and the cosine 
component, the shift in right-ascension. The total 
effect is essentially a shift of the meteorological zenith. 

Now let us consider what will be the effect of this 
assumption on the observed positions of the stars. 
Inasmuch as we have already dealt with vertical re- 
fraction in the zenith-distances, we will first take up 
the effect in that coordinate. The constant'’ of 
refraction is not the same for two stations. It is cus- 


« 

i 

Barometer 


Shade Temp, 

. Hygrometer 


B Diur, Comp. 

T Diur .Comp. 

H Diur. Comp, 

h 




0 0.0 


0 

29.937 +0.007 +0.007 

+56.2 +2.2 +2.4 

68.0 -4.8 -4.9 

1 

.922 - 

8 - 

4 

+57.2 +3.2 +3:5 

66.0 -6.8 -7.1 

2 

.913 - 

17 - 

16 

+68.4 +4.2 +4.3 

64.5 -8.3 -8.6 

3 

.907 - 

23 - 

22 

+68.6 +4.6 +4.6 

63.7 -9,1 -9.2 

4 

.906 - 

25 - 

26 

+68.6 +4.6 +4.5 

63.6 -9,2 -8.9 

5 

.908 - 

22 - 

24 

+58.1 +4.1 +4.0 

64.4 -8.4 -7.8 

6 

.913 - 

17 - 

18 

+57.2 +3.2 +3.1 

66.3 -6,6 -6.1 

7 

.920 - 

10 - 

10 

4^56.0 4"2*0 4-2.2 

69.0 -3.8 -4.0 

8 

.928 -, 

2 - 

1 

4^65.0 4-l'0 4"1'2 

71.4 -1.4 -1.9 

9 

.936 + 

6 + 

6 

+54.2 +0.2 +0.3 

73.2 +0.4 +0.1 

m 

.936 + 

6 4" 

9 

+53.6 -0.4 -0.7 

74,5 +1.7 +1.8 

11 

.938 + 

s + 

8 

+53.0 -1.0 -1.3 

75.7 +2.9 +3.2 

m 

.935 + 

6 + 

6 

+62.4 -1.6 -1.7 

76.9 +4.1 +4.3 

13 

.930 

0 

0 

+51.9 -2.1 -2.3 

77.8 +6.0 +5.2 

14 

.928 - 

2 - 

6 

+61.4 -2.6 -2.8 

78.9 +6.1 +6.0 

15 

.926 - 

6 - 

7 

+51.0 -3.0 -3.2 

79.3 +6.5 +6,6 

16 

.924 - 

6 - 

6 

+50.6 -3.4 -3.5 

79.9 +7a +7.1 

17 

.926 - 

4 - 

1 

+50.4 -3.6 -3.7 

80.4 +7.6, +7.3 

18 

.936 + 

6 + 

7 

+60.3 -3.7 -3.7 

80,2 +7.4 +7.1 

10 

.946 + 

16 + 

15 

+50.8 -3.2 -3.4 

79.2 +6.4 +6.3 

20 

.951 + 

21 4^ 

22 

+51.7 -2.3 -2.7 

77.4 +4.6 +4.9 

21 

.965 + 

25 4" 

26 

+62.8 -1.3 -1.7 

76,2 +2.4 +2.9 

22 

.968 + 

28 4- 

24 

+63.8 -0.2 -0.5 

73.6 +0,7 +0.4 

23 

.960 +0. 

020 +0.018 

+55.0 +1.0 +1.1 

70.3 -2.6 -2.3 


1 



TABLE 0 

DIURNAL TERMS IN METEOROLOGY 


Sun Temp. 

S. T. Diur. Comp. 


Shade Temp. 
Relative Ear. 
Refr. p Comp; 


Sun Temp. 
Relative Refr. 
Refr. p Comp. 


b 

0 

1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

n 

12 

13 

14 
16 
16 

17 

18 

19 

20 
21 
22 
23 


+89.8 +24.6 
+91.0 +25.7 
+89.4 +24.1 
+84.4 +19.1 
+77.6 +12.3 
+69.4 + 4.1 
+62.3 - 3.0 
+57.9 - 7.4 
+56.0 -10.3 
+64,2 -11.1 
+63.6 -11.7 
+63.0 -12.3 
+62.4 -12.9 
+61.9 -13.4 
+51.4 -13.9 
+61.0 -14.3 
+50.6 -14.7 
+52.0 -13.3 
+53.6 -11.8 
+67.6 - 7.8 
+64.6 - 0.7 
+74.0 + 8.7 
+83.2 +17.9 
+87.8 +22.5 


0 

+26.8 
+26.3 
+23.8 
+18.6 
+11.7 
+ 4.5 
- 2.1 

- 7.2 
-10.61 
-12.0| 
-12.3 
-12.2 
-12.2 
-12.2 
-13.6 
-14.7 
-16.1 
-14.2 
-11.3 

- 6.3 
+ .06 
+ 8.3 
+16.9 
+ 22.1 


0.9971 

47 

20 

16 

14 

28 

44 

69 

0.9991 

1.0010 

22 

34 

46 

63 
62 
69 
77 
81 
87 
80 

64 
46 
25 

1.0001 


-0.24 

- .27 

- .06 
- .01 
+ .14 
+ .16 
+ .25 
+ .22 
+ .19 
+ .12 
+ .12 
+ .11 
+ .08 
+ .09 
+ .07 
+ .08 
+ .04 
+ .06 

- .07 

- .16 
- .18 

- .45 

- .26 
- .34 


-0.23 
- .16 
- .061 
+ .03 
+ .12 
+ .17 
+ .20 
+ .20 
+ .18 
+ .16 
+ .12 
+ .10 
+ .09 
+ .09 
+ .08 
+ .07 
+ .04 
.00 

- .06 

- .14 

- .20 
- .26 
- .28 
- .27 


0.9366 

.9330 

.9365 

.9441 

.9661 

.9711 

,9846 

.9938 

0.9991 

1.0010 

.0022 

.0034 

.0046 

.0063 

.0062 

.0069 

.0077 

.0073 

1.0024 

0.9949 

.9816 

.9644 

.9478 

0.9373 


-0.26 
+ .25 
+ .86 
+1.20 
+1.60 
+1.35 
+ .92 


-0.15 
+ .43 
+ .91 
+1.23 
+1.32 
+1.22 
+ .96 
+ .53 + .63 


+ .19 
+ .12 
+ .12 
+ .11 
+ .08 


+ 

+ 


.09 
.07 
.08’ 

- .04 

- .49 

- .75 
-1.34 
-1.71 
- 1.66 
-1.05 

- .17 


+ .32 
+ .10 
.00 

+ .02 
+ .10 
+ .18 
+ .19 
+ .07 
- .18 

- .64 

- .93 
-1.26 
-1.44 
-1.41 
-1.16 

- .71 
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tomary to apply to our observations a correction of the 
form 

AR - True R — Computed Rc ~ CRc 

where C is a constant and Rc is the computed refrac- 
tion. To this we propose to add the differential of 
the vertical refraction, dR = x sec^ when the second 
order term is not taken into account. From the re- 
sults of a preliminary investigation, however, it was 
found that the second order term became appreciable 
at low zenith-distance, hence 

dRi = z sec^ z (1.00232 —.003486 sec*'* z) 
or 

dRi “ xF' where F' = sec* z (1.00232 - .003486 sec^g) 

F' can be tabulated once for all. 

The next step is to find some connection between 
this formula and the state of the atmosphere. Those 
who have attempted to use a barometric gradient 
scaled off from a weather map have met with failure 
as was to be expected, for, as any practical astronomer 
knows, the rate of change of the barometer has little 
effect upon the computed refractions. It is the tem- 
perature change which is the controlling factor as 
far as a gradient is concerned. Compare refractions 
for some barometric gradient on a cold winter night 
with a hot summer night. The winter night gives an 
ascending gradient with high refractive power while 
the summer night gives an ascending gradient with 
low refractive power, which in itself would produce in 
our observations a seasonal effect. The temperature^ 
then, and not the barometer, is the controlling factor. 
However, there is a much better way of using meteorol- 
ogy in connection with refraction. We have already 
tabulated the corrections to the log m tan z of Pulkova. 
We have used them in computing vertical refractions, 
so they will surely be good enough to compute differ- 
ential refraction, and the transformation is quite 
simple. 

Let us assume that the Pulkova Tables represent 1.0 
times the refraction at standard j3 and y. Then apply- 
ing log corrections, derived from- Tables III, V, VII of 
Pulkova Tables, to the . log 1.0 and taking out the 
natural number corresponding to the resulting log- 
arithm, we get the relative refraction for our station 
for each period of observation, the value jn. From 
these relative values of the refraction we can form the 
hourly differences, or hourly rate of change of the 
refraction, p. In order to refer the p’s on different 
nights to the same standard, we form pp. Both p and 
pp will produce a differential effect upon the zenith- 
distances, so we have as the full formula for investi- 
gating the observations 


dRi = e'F'p + f'F'fxp 

The differential refraction will effect the observations 
with different signs depending on whether north or 
south zenith-distances are read: that is 

for positions AE and RTF, dRi = d-e'F'p +/^F'pp 
and for positions AW and BE, dRi = —e'F'ix — fF'pp 
the vertical refractions, however, have had their signs 
changed to conform with tan z, so, if we use the for- 
mula Avith the positive sign, we will come out with 
—dR for north zenith-distances, and, if we bear this in 
mind when we come to examine the effect of dR in the 
mean, we will not be led into error. We thus have for 
our complete correction, due to the atmosphere, in 
zenith-distance 

dR - CRc + e'F'p -f fF'fip (1) 

In the formation of the normal equations Rc/lOO and 
100 p were found to be more convenient than R and 
p, and were used. 

Using the refractional value of the atmosphere as 
given for the zenith-distances, the form of the cor- 
rection for differential refraction in right-ascension is 

dR = e • s(ic g ■ sec 6 ■ p -|- / • sec z • sec 5' pp 

or, if we wish to take into account the second order 
terras, 

dR = sec 5 • sec z(l — ,00116 sec*z) (ep +/pp) 
or, letting 

F = sec 5 • sec z (1 —.00116 sec* z) 

dR - eFfx 4- /Fpp (2) 

which is quite similar to the formula for zenith-dis- 
tances. Formula (1) and (2), then, are the expressions 
which should be used to correct our observations for 
the prismatic effect of the EartEs atmosphere. The 
Fp term is the “drift” for the period under discussion 
and should account for a large part, if not all, of the 
Kimura, or z, term in the variation of latitude. It also 
takes out part of the “seasonal” effect. The Fpp 
term is the “diurnal” term and also takes out the rest 
of the “seasonal” effect. 

Having tluis derived the formulae for the effect dR 
will have upon the observations in zenith-distance 
and right-ascension and having shown how to con- 
nect the formuhn with the meteorology, we next apply 
(1) and (2) to the twenty-two observational stretches 
selected for this tentative investigation, and derive the 
results shown in Table D. In this table are exhibited 
the Albany Mean Time; number of observations, 
original diurnal term, original diurnal term corrected 
for the various corrections treated of in this peeper, 
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TABLE D 


Albany Biefler No. 218 


A. M. T. 

Zenith Distance 

Orig. Corrd. 

Obs. Diur. Diur. C-0 

Transits 

Orig. Corrd. , 

Diur. Diur. 6-0 

h m 


// if ti 

if it u 

23 44 D 

3 

+0.09 +0.36 +0.26 

+0.41 +0.26 -0.16 

1 16 D 

6 

-0.64 -0.22 -0.32 

+0.16 +0.02 -0.13 

2 8 D 

10 

+0.08 +0.07 -0.01 

+0.32 +0.03 -0.29 

3 3 D 

26 

+0.31 +0.06 -0.26 

-0.11 -0.21 +0.10 

4 8 D 

93 

-0.08 -0.11 +0.03 

+0.26 +0.18 -0.08 

SOD 

66 

+0.01 +0.06 +0.05 

+0.38 +0.07 -0.31 

6 66 D 

30 

-0.13 -0.26 +0.12 

+0.36 +0.09 -0.26 

7 6 D 

43 

+0.66 +0.09 -0.66 

+0.47 +0.06 -0.42 

8 4 D 

22 

+0.66 +0.10 -0.65 

+0.71 +0.17 -0.64 

8 43 D’ 

1 

+1.89 -0.66 -1.33 

-0.03 -0.03 0.00 

6 18 N 

7 

+0.18 +0.31 +0.13 

+0.11 +0.41 +0.30 

* 6 2 N 

36 

"^"0.39 ^"0.33 -“0.06 

-0.26 -0.08 -0.18 

7 6 N 

117 

+0.46 +0.23 -0.23 

-0.03 -0.06 +0.03 

8 2N 

212 

+0.60 +0.19 -0.31 

-0.67 +0.02 -0.66 

8 68 N 

246 

+0.35 +0.14 -0.21 

+0.08 +0.01 -0.07 

10 1 N 

237 

+0.37 +0.16 -0.21 

+0.07 +0.07 -0.00 

11 0 N 

200 

+0.32 +0.04 -0.28 

+0.13 +0.06 -0.07 

11 69 N 

120 

+0.67 +0.27 -0.30 

-0.06 +0.10 +0.06 

12 67 N 

78 

+0,27 +0.16 -0.11 

-0,09 -0.08 -0.01 

14 1 N 

31 

+0.19 +0.01 -0.18 

+0.27 +0.30 +0.03 

16 0 N 

37 

-0.04 +0.12 +0.08 

+0.09 +0.06 — 0.03 

16 57 N 

22 

-0.10 +0.03 -0.07 

+0.11 -0.04 -0.07 

16 46 N 

13 

+0.26 +0.32 +0.07 

+0.12 +0.04 -0.08 

18 11 N 

23 

+0.08 0.00 —0.08 

+0.10 +0.06 -0.06 

18 32 N 

5 

-0.28 -0.21 -0.07 

+0.51 +0.51 0.00 

18 18 D 

4 

-0.48 -0.44 -0.04 

-0.37 -0.22 -0.16 

19 2 D 

44 

+0.22 +0.17 -0.06 

+0.06 +0.16 +0.11 

20 2 D 

46 

+0.14 -0.09 -0.05 

-0.65 -0.31 -0.24 

20 66 D 

48 

+0.29 +0.33 +0.04 

-0.01 +0.07 +0.06 

22 1 D 

33 

-0.10 -0.18 +0.08 

-0.10 -0.19 +0.09 

22 49 D 

19 

+0.23 +0.07 -0.16 

-0.22 -0.26 +0.04 

D PM 

289 

+0.13 +0.03 -0.10 

+0.33 +0.09 -0.24 

N 

1382 

+0.37 +0,10 -0.27 

+0.03 +0.04 +0.01 

D AM 

194 

+0.16 +0.07 -0.08 

-0.17 -0.08 -0.09 

D AU 

483 

+0.14 +0.04 -0.10 

+0.13 +0.02 -0.11 

N - D 


+0.23 +0,06 -0.17 

-0.10 +0.02 -0.08 


and (C — 0). This last is in the sense of reducing 
the residuals numerically, and not algebraically, which 
accounts for the preponderance of minus signs. The 
residuals for transits are in the form 16"n cos 5. 


In Table E, the same residuals are used but no dis- 
tinction is made as to day or night observations. It 
gives the original diurnal term, diurnal term computed 
from original by single and double sine and cosine 
formula, (O-C)i, diurnal term corrected for dR, diurnal 
term computed from the corrected diurnal term as 
above, and (0-C)2. In Table D we see that the three 
groups have been brought nearer together and the 
(N-D) has heen substantially reduced. 

For zenith distance in E we have 

aiiiMT oosMT Bm2MTcos2MT 

Compi = +0M63 +0'^073 --0".168 ~0".143 “0".004 (Original) 
Comps = +0 .082 +0 .087 -0 .109 -0 .110 -0 .020 l+dR) 

Comp 2 = -1-0 .082 -0 .014 -0 .060 -0 .034 +0 .016 (Residual) 

For transits in E we have 

Compi = +0 .067 +0 .074 +0 .003 +0 .130 +0 .007 (Original) 

Comps = +0 .039 +0 .058 +0 .057 +0 .084 +0 .007 {+dR) 

Compa = +0 .019 -|-0 .016 -0 .063 -|-0 .046 -|-0 .000 (Residual) 

Comp. 8 is derived from Table E2 from columns Am and 

Anx, similarly to Comp.i and Comp.2, by single plus 
double sine and cosine terms, to show that the dR 
term applied follows the general formula used in dis- 
cussing the meteorological coefficients. Comp.i — 
Comp. 3 gives Comp.2 very closely. 

For the investigation of the residual diurnal effect in 
R. A. and Dec!,, as shown under corrected diurnal 
effect in Tables E3, it must be kept in mind that the 
Pulkova Tables do not take into account the relative 
humidity of the atmosphere and also that shade tem- 
peratures were used while, as a matter of fact, the day- 
time observations were not made in the shade but in 
sunshine. In order to show what effect the use of 
these terms may have on the diurnal term let us refer 
to Table C. We have jUo from shade temperature and 
jjL^ irom^Sun temperature, and we can form p' — po, 
equals Apo, by subtracting po of the shade temperature 
from p' of Sun temperature. We can also form a p" 
from the diurnal range of the hygrometer. We have 
used Po in our work on the Albany observations but 
we wish to use p'. Let us form p', p'Apo and p'p" as 
indicated above and solve, using the corrected, or 
residual, diurnal term of na and m as given in Table 
Eg for the w’s. The form of the equation will then be 

p' -f p'Apo -f- p'p" == n'a — n'i 


Solving, 

Corrd. Diur. = n't = -1-0,044 p' —0.021 p'Ap' -[-0.013 p'p" 

Corrd. Diur. = V. = +0.014 +0.025 +0.014 

Substituting these values in the values of residual paring (0-C)4 of Table Eg with (0-C)2 of Table Ei we 
diurnal terms columns (0-C)4 were obtained. Com- find that out of 48 residuals, 45 agree in sign; from 
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A. M. T, 


TABLE El 

ZENITH DISTANCES 


Comp.i (O-C)i 

Dmr. 


Coinp .2 (0-G)2 

Diur. 


+ 0.09 

- 0.54 

+ 0.08 

+ 0.31 

- 0.08 

+ 0.03 

+ 0.16 

+ 0.51 

+ 0.61 

+ 0.36 

+ 0.37 

+ 0.32 

+ 0.67 

+ 0.27 

+ 0.19 

- 0.04 

- 0.10 

+ 0.25 

0.00 

+0.1G 

+ 0.14 

+ 0.29 

- 0.10 

+ 0,23 


+0.01 

- 0.06 

- 0.07 

- 0.06 

+0.02 

+ 0.13 

+ 0,24 

+ 0.36 

+ 0.44 

+ 0.48 

+ 0.47 

+ 0.41 

+ 0.33 

+ 0.24 

+ 0.16 

+ 0,00 

+ 0.06 

+ 0.06 

+0.10 

+ 0.12 

+ 0.14 

+ 0.14 

+ 0.10 

+ 0.06 


+ 0.08 

- 0.48 

+ 0.15 

+ 0.36 

- 0.10 

- 0.10 

- 0.09 

+ 0.15 

+ 0.07 

- 0.12 

- 0.10 

- 0.09 

+ 0.24 

+ 0.03 

+ 0.04 

- 0.13 

- 0.16 

+ 0.19 

- 0,10 

+ 0.04 

0.00 

+ 0.16 

+0.20 

- 0.17 


+ 0.36 

- 0.22 

+ 0.07 

+ 0.06 

- 0.12 

+ 0.09 

- 0.06 

+ 0.19 

+ 0.18 

+ 0.13 

+ 0.16 

+ 0.04 

+ 0.27 

+ 0.16 

+0.01 

+ 0.12 

+ 0.03 

+ 0.32 

- 0.07 

+ 0.13 

- 0.09 

+ 0.33 

- 0.18 

+ 0.07 


+ 0.04 

+0.02 

+ 0.00 

- 0.00 

+ 0.00 

+0.02 

+ 0.06 

+ 0.09 

+0.12 

+ 0.16 

+ 0.16 

+ 0.17 

+ 0.16 

+ 0.14 

+0.12 

+ 0.10 

+ 0.09 

+ 0.08 

+ 0.06 

+ 0.08 

+ 0,09 

+ 0.08 

+ 0.07 

+ 0.06 


+ 0.31 

- Q.24 

+ 0.07 

+ 0.06 

- 0.12 

+ 0.07 

- 0.11 

+ 0.10 

+ 0.06 

- 0,02 

0.00 

- 0.13 

+ 0.11 

+0.02 

- 0.11 

+0.02 

- 0.06 

+ 0.24 

- 0.12 

+ 0.05 

- 0.18 

+ 0.25 

- 0.26 

+ 0.01 


Orig. 

Diur. 


+ 0.41 
+ 0.16 
+ 0.32 
-0.11 
+ 0.27 
+ 0.35 
+0.02 
+ 0.10 
+0.01 
- 0,08 
+ 0.07 
+ 0.13 
- 0.06 
- 0.09 
+ 0.27 
+ 0.09 
+0.11 
+0.12 
+ 0.03 
+0,10 
.65 


I 

m 
mn : 

I 


TABLE El 
TRANSITS 


Comp.i {0-C)i 


+ 0.04 

+ 0.16 

+0.22 

+ 0.24 

+ 0.23 

+ 0.19 

+0.12 

+ 0.06 

+ 0.00 

- 0.02 

- 0.02 

+ 0.01 

+ 0.06 

+0.10 

+ 0.13 

+ 0.13 

+0.10 

+ 0.06 

- 0.04 

- 0.08 


+ 0.37 

- 0.01 

+ 0.10 

- 0.35 

+ 0.04 

+ 0.16 

- 0.10 

+ 0.05 

+ 0.01 

- 0.06 

+ 0.09 

+ 0.12 

- 0.11 

- 0.19 

+ 0.14 

- 0.04 

+ 0.01 

+ 0.06 

+ 0.07 

+ 0.18 


0.12 +0.11 


.22 - 


Corrd 

Diur. 


+ 0,26 

+ 0,02 

+ 0.03 

- 0.21 

+ 0.19 

+ 0.11 

0.00 

- 0.03 

+ 0.04 

+ 0.01 

+ 0.07 

+ 0.06 

+ 0.10 

- 0.08 

+ 0.30 

+ 0.06 

- 0.04 

+ 0.04 

+ 0.01 

+ 0.20 


II 

will 

BT 

ij 


Comp.s (0-C)2 


- 0.04 

- 0.00 

+ 0.02 

+ 0.04 

+ 0.05 

+ 0.04 

+ 0.04 

+ 0.02 

+ 0.02 

+ 0.02 

+ 0.03 

+ 0.06 

+ 0.07 

+ 0.09 

+ 0.10 

+ 0.09 

+ 0.07 

+ 0.06 

- 0.00 

- 0.03 


+ 0.21 

+0,02 

+ 0.01 

- 0.25 

+ 0.14 

+ 0.07 

- 0.04 

- 0.05 

+0.02 

- 0.01 

+ 0.04 

+0.01 

+ 0.03 

- 0.17 

+0.20 

- 0.03 

- 0,11 

- 0.01 

+ 0.01 

+ 0.23 



Zenith Distances 

A. M. T. —Atii Coiup.g (0-C)8 


h ni * 

23 44 
1 6 



5 2 
5 69 


8 68 
10 1 
11 0 

11 59 

12 67 

14 1 

15 0 

15 67 

16 46 
18 12 


+0.01 

+ 0.26 

+ 0.04 

- 0.06 

+0.21 

+ 0.32 

+ 0.33 

+ 0.23 

+0.21 

+ 0.28 

+ 0.31 

+ 0.11 

+ 0.18 


[1110 
DJ 

niiii 


+ 0.07 

+ 0.03 

+ 0.23 

- 0.04 

+ 0.08 

+ 0.16 


- 0.07 

- 0.04 

+0.02 

+ 0.10 

+ 0.19 

+ 0.27 

+ 0.32 

+ 0.33 

+ 0.30 

+ 0.26 

+ 0.17 

+0.10 

+ 0.03 


2 

2 


+0.02 

+ 0.04 

+ 0.06 

+ 0.05 

+ 0.03 

- 0.00 


.22 
.24 
+ 0.08 
+ 0.29 
+0.02 
- 0.16 
+0,02 
+ 0.05 
+0.01 
- 0.10 
- 0.09 
+ 0.03 
+ 0.13 
+ 0.01 
+ 0.16 


Ml ] 


- 0.06 


+ 0.06 

- 0.01 

+ 0.17 

- 0.09 

+ 0.06 

+ 0.16 


- A«a 

Transits 
Comp . 8 ' 

( O - C ), 

n 

n 

// 

+ 0.16 

+ 0.09 

+ 0.07 

+ 0.13 

+ 0.16 

- 0.03 

+ 0.29 

+ 0.20 

+ 0.09 

+ 0.10 

+ 0.20 

- 0.10 

+ 0.08 

+ 0.19 

- 0.11 

-|- 0.24 

+ 0.14 

+ 0.10 

‘ 4 " 0i02 

+ 0.09 

- 0.07 

+ 0.13 

+ 0.03 

+ 0.10 

- 0.03 

- 0.02 

- 0.01 

- 0,09 

- 0.04 

- 0.05 

0.00 

- 0.05 

+ 0.06 

+ 0.07 

- 0.04 

+ 0.11 

- 0.15 

- 0.01 

- 0.14 

- 0.01 

+ 0.02 

- 0.03 

— 0.03 

+ 0.04 

- 0.07 

+ 0.03 

+ 0.04 

- 0.01 

+ 0.16 

+ 0.03 

+ 0.12 

+ 0,08 

+ 0.01 

+ 0.07 

+ 0.02 

- 0.03 

+ 0.05 

- 0,10 

- 0.05 

- 0.06 

- 0.24 

- 0.06 

- 0.18 

- 0.08 

- 0.06 

- 0.03 

+ 0.09 

- 0.01 

+ 0.10 

+ 0.04 

+ 0.03 

+ 0.01 



Zenith Distan.^cs 

Transits 

Corr. 

Corr. 

M.T. Diur. Coinp .4 (0-C)4 (0“C)2 

Diur. Comp .4 (0-C)4 (0“C)2 



0.08 + 0.15 



ll ff # 8 H 

23.7 + 0.35 - 0.04 + 0.39 + 0.31 

1.1 - .22 .00 - .22 - .24 

2.1 + .07 + .02 + .06 + .07 

3.0 + .06 + .05 + .01 + .06 

4.0 - .12 + .07 - .19 - .12 

5.0 + .09 + .08 + .01 + .07 

f).0 - .06 + .09 - .16 - .11 

7.1 + .19 + .11 + .08 + .10 

8.0 + ,18 + .10 + .08 + .06 

9.0 + .13 + .08 + .06 - .02 

10.0 + .16 + .06 + .10 .00 

11.0 + .04 + .06 — .02 — .13 

12.0 + .27 + .06 + .21 + .11 

13.0 + .16 •+ .06 + .10 + .02 

14.0 + .01 + .06 - .05 - .11 

15.0 + .12 + .06 + .07 + .02 

16.0 + .03 + .03 .00 - .06 

16.8 + .32 + ,02 + .30 + .24 

18.2 - .07 - .01 - .06 - .12 

19.0 + .13 - .04 + .17 + .05 

20.0 - .09 - .07 - .02 - .18 

20.9 + .33 - .08 + .41 + .25 

22.0 - .18 - .06 - ,12 - .26 

22.8 + .07 - .05 + . 1 ^ + .01 


+ 0.26 + 0.01 
+ .02 + .01 
+ .03 .00 

- .21 + .01 
+ .19 + .02 
+ .11 + ,04 
.00 + .06 

- .03 + .09 
+ .04 + .09 
+ .01 + .10 
+ .07 + .09 
+ ,06 + .09 
+ .10 + .08 

- .08 + .08 
+ .30 + .08 
+ .06 + .08 

- .04 + .08 
+ .04 + .09 
+ .01 + .08 
+ .20 + .08 

- .31 + .07 
+ .07 + .06 

- .19 + .06 

- .26 + .03 


+ 0,24 + 0.21 
+ .01 + .02 
+ .03 + .01 

- .22 - .25 
+ .17 + .14 
+ .07 + .07 

- .06 - .04 

- .12 - .05 

- .06 + .02 

- .09 - .01 

- .02 + .04 

- .03 + .01 
+ .02 + .03 

- .16 - .17 
+ ,22 + .20 

- ,02 - .03 

- .12 - .11 
- .06 - .01 

- .07 + .01 
+ .12 + .23 

- .38 - .26 
+ .01 + .16 

- .24 - .11 

- .29 - .20 
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whicli W 6 conclude that if huinidity aud ths Sun Comp . 4 of Table Es leads to the most important fact 

perature had heen employed in the original solutions for of this entire preliminary investigation — the fact 
dR the diurnal term would have been completely eliminated, that the diurnal term is due directly to the atmosphere 
And this relation between Comp.z of Table Ei and and that its law is 

Diurnal term = [a sin (a — O) + 6 cos (a — 0) + c sin 2 (a 0J d cos 2 (a — 0)] 


where 0 = apparent R. A. of the Sun. 

Having thus the law of the diurnal term we can com- 
pute the correction for the diurnal term from our 
observations without knowing the humidity, or the 
Sun temperature. In fact it appears by actual trial 
that the formula integrates the varying conditions of 
air in upper and lower levels, and is therefore prefer- 
able to the use of a temperature derived solely from 
the conditions at the Earths surface. But to make it 
clear to all that we have established this relation, per- 
haps it wHl be well to recapitulate and present in a 
concise form the reasons for this important conclusion. 

‘We will assume that the expressions for dRi are 
accepted. That is, 

dRi = 55 • sec 5 • sec s (1 — .00116 sec^ z) in R. A. 
dRi = X • sec^ z (1.00232 — .003486 sec* z) in Deck 

We have shown conclusively that the expression 

a sin MT + h cos MT + c sin 2 MT -f d cos MT 

represents 

Natural Phinomina OBSEnvATioNs 

Barometer San Lius Diurnal 

Shade Temperature Albany Diurnal 

Sun Temperature Albany Residual Diurnal 

Hygrometer 

Shade Refraction 

Sun Refraction 

Having shown, not only theoretically but practically, 
that all of these natural phenomena follow one and the 
self-same law and that when the formulse for dRi are 
combined with the formulae for iheteorology and ver- 
tical refraction we eliminate the diurnal term in the 
observations, are we not forced to the conclusion that 
we have discovered the physical explanation of the 
diurnal term which has been so troublesome in posi- 
tional astronomy? With the preceding brief demon- 
stration of the physical relation between the diurnal 
term and the state of the atmosphere, and the import- 
ant part that differential refraction has played in 
enabling us to free our observations of the diurnal 
effect, it may be of interest to show the effect of dR 
upon the various systematic errors generally accepted 
as being inherent in any series of observations. 


The following stretches were chosen from a consid- 
eration of the effect of dR in R. A. alone. A fair dis- 
tribution during the year with Clamp East and Clamp 
West was sought. Due to the fact that the resulting 
effect was unknown little effort was made to select for 
a- perfect distribution between observers and positions 
of 'the instrument. When it was discovered that the 
dR was a real determinable quantity so far as the 
R. A.’s were concerned, we decided to examine the 
Z. D.’s for the same stretches. If the effect was 
really due to dR, the Z. D.’s would prove it, while, if it 
was not due to dR, the Z. D.^s would disprove it. The 
series selected were 

Series Pos. Obs’r Time Date 

666-68 AE S,A. 42^ Aug. 31 to Sept. 1, 1915 

669-70 AE S.A. 27 Sept. 2 to Sept. 3, 1915 

684-85 AE W.B.V. 30 Sept. 27 to Sept. 28, 1915 

686-87 AE W.B.V. 41 Sept. 29 to Sept. 30, 1915 

691-94 AE S.A. 67 Oct. 10 to Oct, 13, 1915 

700-04 AW Roy 96 Oct. 26 to Oct. 30,1915 

711-14 AE Roy 62 Nov. 15, to Nov. 18, 1915 

728-31 AE S.A. 63 Jan. 5 to Jan. 8 , 1916 

735-37 AW S.A. 33 Jan. 23 to Jan. 25,1916 

739^0 AW W.B.V. 43 Feb. 3 to Feb. 4,1916 

754-57 AW S.A. 86 Mar. 28 to Mar. 31, 1916 

760-61 AE Roy 29 Apr. 9 to Apr. 10, 1916 

771-74 AW S.A. 65 May 10 to May 13, 1916 

784-87 BE S.A. 66 June 26 to July 1 , 1916 

815-18 BW W.B.V. 80 Aug. 28 to Aug. 31, 1916 

825-28 BW W.B.V. 65 Sept. 18 to Sept. 21 , 1916 

856-57 BW S.A. 41 Dec. 6 to Dec. 8 , 1916 

866-68 BE Roy 38 Jan. 22 to Jan. 24,1917 

883-85 BE S.A. 51 Mar. 18 to Mar. 20 , 1917 

903-05 BE S.A. 87 May 13 to May 17, 1917 

948-49 AE W.B.V. 40 Nov. 11 to Nov. 12 , 1917 

950-51 AE W.B.V. 30 Nov. 13 to Nov. 14, 1917 

For brevity, we will use the first series in each 
stretch to designate the stretch. Deriving yt and p 
from Albany meteorology, and solving each stretch 
according to equations ( 1 ) and ( 2 ), the following values 
of coefficients in the formulse for dR were obtained. 
At the same time these equations were solved, a solu- 
tion was made for the correction to refraction accord- 
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ing to former practice; n = CR/IQO. These values 
are given under column CR only. These values have 
been applied to the n’s throughout the work on Z. D.'s, 
giving the opportunity to examine the true effect of 
using dR as contrasted with CR only, so that in Z. D. 
we always have three sets of n’s; one original n, one 
n + CR, and one n + dR. In R. A. we have original 
n, and n + dR. 

R.A. Z.D. 


Stretch 

e 

/ 

CR only 

C 

e' 

/' 


B 

B 

f 

9 

9 

9 

666 

+0.0105 

+0.0120 

+0.737 

+0.484 

+0.163 

-0.004 

660 

- .0034 

+ .0147 

+ .301 

+ .116 

+ .118 

- .081 

'684 

-1- .0008 

+ .0081 

- .111 

- .071 

- .040 

+ .016 

686 

- .0014 

- .0113 

- .173 

+ .014 

- .080 

■f .010 

691 

+ ;0096 

+ .0212 

+ .202 

- .341 

+ .161 

- .046 

700 

- .0092 

-* .0014 

+ .096 

+ .244 

+ .067 

+ .016 

711 

+ .0041 

+ .0098 

-0.026 

+ .267 

- .079 

- .009 

728 

- .0019 

+ .0159 

+1.362 

+ .972 

+ ,144 

- .008 

736 

- .0032 

+ .0101 

-1-0.402 

+ .443 

- .002 

-h .129 

739 

+ .0002 

-H .0101 

- .318 

- .219 

- .010 

+ .192 

754 

+ .0038 

+ .0014 

- .244 

- .140 

- .028 

+ .139 

760 

- .0039 

+ .0033 

-0.219 

- .066 

- .168 

+ .088 

771 

+ .0004 

+ .0068 

-1.251 

- .662 

+ .217 

+ .191 

784 

+ .0035 

+ .0240 

-0.469 

- .484 

- .047 

+ .119 

816 

” .0045 

- .0249 

-i- .404 

+ .116 

•f .147 

+ .044 

825 

+ .0018 

- .0004 

- .079 

- .068 

- ,069 

+ .219 

865 

- .0014 

- .0002 

+ .331 

+ .337 

+ .026 

- ,191 

. 866 

- .0080 

- .0063 

+ .120 

+ .166 

-h .009 

+ .110 

883 

+ .0027 

+ .0178 

- .437 

- .336 

4- .096 

- .301 

903 

-f .0103 

H- .0117 

— .749 

- .504 

-h .166 

- .272 

948 

+ .0089 

- .0277 

- .082 

+ .011 

- .089 

4- .361 

950 

+ .0022 

+ .0026 

- .258 

- .175 

- ,067 

4* .024 

Having expanded these values and corrected the 


original n’s we obtained n + dR ' = 7i' for Z. D.'s and 
Transits. Both the original and the n's corrected 
for dR contain the systematic errors Aaa, Aas, ASa, 
A5s and U~L, except in so far as the application of dR 
has elimiated them in the Let us see what the 
effect of dR has been. Using zones 3° wide, means for 
A58 and Aaa were formed. The means of successive 
groups of three were used to smooth the curve, and 
these arc exhibited in Plate A. The drawing contains 
sufficient explanation to enable one to understand 
why they differ but attention should be called to the 
effect of dR upon the curves, especially the ASs curve. 
The circles represent the results from the n’« in order 
of Z. D. from horizon to horizon. The crosses rep- 
resent the values derived from below pole observations 
folded back and transformed to correspond to above 
pole observations. There can be but one true value 
of Aas and ASa for a given star; any deviation must be 
due to the observations themselves. While the orig- 
inal observations contain some (U-L), when they are 
corrected for CR we find this {U-L) is very markedly 
increased, but when corrected for dR the (U-L) has 
practically disappeared, reconciling the observations 


below and above pole. This alone is an indication 
that dR is real. The wider deviation from zero of the 
curve at the south end may be due to systematic error 
in P. G. C. or to the false form of vertical refraction 
formula; it is probably due to a combination of both. 
This point, how'ever, cannot be investigated until the 
San Luis observations for dR have been examined. 
Then we hope to be able to indicate the probable 
source of this wide divergence from zero. Having 
plotted these points, smooth curves were drawn, and 
a table formed. That for was applied to the 
Z. D.'s. That for Aai was combined with (E-W)* 
The intimate relation between (E-W) and Aaa led to 
the use of n' cos 5 in place of n', so 

[Curve Aaa + (E-W)] sec 5 « correction. 

Correcting Z. D.’s and Transits for these values, thus 
freeing the observations from the systematic errors 
Aas and Afia, we derived n'' from which to obtain 
Atta and A5a. Hourly means were formed and solved 
using the clock belt only. This gave 

sin cos sin 2 cos 2 

n = -Aaa= +0.0026-0.0194+0.0115-0,0014 Orig. 

-Aa«= r0.0006-0,0080+0.0058-0.004B Corrd. 

n = -A5«= -0T04 -o!o70 +0.117 -o'.049 Orig. 
n"== -A5«= -0.016 -0.012 +0.006 -0.010 Corrd, 

The values derived from n" show the effect of applica- 
tion of dR to original n. The systematic errors Aa* and 
Adcc have been practically eliminated. It must bo noted 
here that we have used the value of dR based upon a 
value of p computed from imperfect meteorology. If 
we compute p by formula, as indicated earlier in this 
paper, we obtain complete elimination of the two 
systematic errors depending upon right-ascension. 
These values from computed n" were expanded and 
applied to observed n" giving n'" free from all sys- 
tematic errors. The Ws and ti"'s were collected in 
order of Albany Mean Time giving the diurnal term 
in Table D treated earlier in this paper. Comparisons 
of the effect of dR with that of CR on the Z. D.’s are 
given in Tables F and G. These show that dR brings 
the observations north and south of the zenith more into 
agreement, without the application of a constant. Table 
F gives results of application oi CR and of dB for each 
series. It is to be noted that the application of dR 
has reduced the p. e. by only 0".01 in the meanj which 
shows that we are correcting for the systematic shift 
of the stars and not for the accidental error of the 
observations. Table G shows how erroneous it is to 
correct our observations for CR only. Wlien CR only 
is applied, all the residuals north of the zenith are in- 
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TABLE F NORTH STARS 


Obs. 

n 

n^CR 

n-\-iR 

CD 

(2) 

(3) 

(4) 


» 

u 



it 


if 

26 

+ 7.71 

+22.58 

- 0.96 

+11.51 

-0.53 

-23.54 

-12.04 

20 

4- 8.15 

+12.68 

+ 1.78 

+ 1.67 

-1.25 

-10.90 

- 2.92 

39 

- 6.37 

- 4.24 

r- 1.76 

+ 1.19 

+0.69 

+ 2.48 

- 0.60 

37 

- 9.84 

- 9.84 

+ 1.31 

^ 1.38 

+6.83 

+11.15 

+ 4.45 

36 

-f* 18*29 


+ 2,96 

+ 1.52 

-3.04 

-18.14 

- 4.66 

69 

"(^11.87 

+ 8.61 

- 6.19 

- 0.60 



+ 1.30 

69 

-27.74 


-10,68 


-2.31 

+17.88 

- 2.63 

32 



+ 7.96 

+11.29 

+0.47 


-10.82 

16 

+ 8.37 

+ 4.46 

+ 3.84 

- 1.60 

-2.23 

- 0.61 

- 0.63 

30 


+ 8.33 


+ 1.43 


- 8.94 

- 3.10 

76 

+12.26 

+21.15 

+ 4.13 

-|" 1.15 

+3.18 

-17.02 

+ 2,03 

33 



- 0.96 

+ 1.61 



- 1.77 

40 

+16.88 

+41.69 

+ 2.03 

+14.54 

-1.31 


-16.85 

47 

- 4.23 

+ 9.51 

+10.26 

+ 0.38 



mm 

67 

+42.79 


+ 8.98 

+13.05 

-9.11 

-47.74 

-22.16 

54 



- 2.41 

0.00 

+6.63 


+ 5.63 

20 

- 3.49 


"1^ 0.27 

- 1.19 


- 0.29 

HB! 

22 

+ 4.28 

+ 2.49 

+ 1.48 

- 0.26 

-1.18 



• 43 


+13.77 

+ 2.85 

+ 2.17 

Bm 

-10.92 

- 2.93 

22 

+ 2.85 


+ 1.99 

+ 3.01 


- 9.21 

- 3.69 

30 


- 3.99 

- 1.46 

- 0.29 

+1.26 

+ 2.63 

+ 1.65 

36 

+ 4.24 


- 0.22 

o 

+ 


"1" 8.34 


862 

+71.61 

+187.86 

+24.07 

+62.65 

-6.93 

-163.19 

-68.58 

Means 


+ 0.22 

+ 0.03 

+ 0.07 

-0.01 

- 0.19 



creased while all the residuals south of the zenith, 
except the 78® group, are decreased. This is sliown in 
column (1). When, however, we (jorrect n for dB we 
find the n's are decreased except for the low Z. D.’s each 
side of the zenith. The appearance of plus signs at 
each end of column (2) indicates that the formula for 
vertical refraction may be wrong. This is entirely 
consistent as all present tables are founded on observa- 
tions uncorrected for dR. To be sure, when the ob- 
servations of circumpolar stars have been empirically 
corrected for (U-L) they have, to a certain extent, 
been freed from the mean effect of dR. But the par- 
ticular effect of dR for each stretch has not been taken 
into, account as it should have been. 

Table H, which is self-explanatory, shows the effect 
of dR upon the positions of some of the 19 Primary 
Azimuth Stars as deduced from the double transits on 
the stretches employed in this investigation. 

Columns (2) and (3) give corrections to places of the 19 
Primary Azimuth Stars derived from Albany observa- 
tions. These corrections are derived from the double 
transits of the stretches used, corrected for dR. Col- 
. limns (4) and (5) are the same corrections uncorrected 
for dB. Column (6) contains the value of U-L de- 
rived from corrected values,, wjiile (7) is U~L from un- 

'■‘j • ... - ■ ■ . 


TABLE F SOUTH STARS 


Obs. 

n 

n+CR 

n+dR 

(1) 

(2) 

(3) 

(4) 


U 

ff 

if 

9 

if 

it 

9 

68 

+ 48.11 

+21.95 

+ 0.79 

-10.68 

- 4.00 

-21.16 

+6.68 

40 

+ 24.60 

+17.06 

+ 9.47 

- 2.70 

- 1.91 

- 7.59 

+0.79 

83 

+ 3.22 

+ 1.64 

+10.57 

- 4.92 

- 0.23 

4" 8*93 

+4.69 

90 

- 19.82 

-20.69 

+ 7.82 

- 2.87 

- 5.66 

+28.49 

-2.69 

86 

+ 36.95 

+25.39 

+14.87 

- 2.21 


-10.52 

+2.89 

121 

+ 10.15 

+17.73 

+ 7.45 

+ 1.02 


-10.28 

-0.12 

131 

- 18.22 

-16.39 

- 1.10 

- 0.30 

mm 

+14.29 

-0.09 

74 

+ 99.76 

+34.45 

+17.72 

-46.04 

-38.68 


+6.36 

51 

- 4.35 

+ 9.46 

+ 9.66 

+ 0.09 

+ 0.16 

IBBii 

+0.06 

74 

-f- 32,32 

+18.60 

+12.89 

- 6.28 

- 8,19 

- 6.61 

-1.91 

108 

+ 31,32 

+13.66 

- 1.19 

- 3.18 

+ 4.87 

-14.85 

+8.06 

57 

- 22.34 

-13.08 

+11.62 

- 5.00 

+ 0.94 


+6.94 

121 

+115.83 

+36.33 

- 1.13 

-47.10 

-40.94 

-37.46 

+6.16 

155 

+ 43.76 

- 2.87 

- 2,62 

- 6.97 

- 4.73 


+2.24 

154 

+ 99.39 

+61.09 

+18.53 

-15.87 

-12.44 

-42.56 

+3.43 

127 

- 9.74 

- 2.33 

- 3.41 

- 0.47 

- 7.03 


-6.50 

71 

+ 20.22 

+ 8.98 

+ 8.18 

- 0.72 

- 1.62, 

- 0.80 

-0.90 

74 

+ 4.16 

+ 9.36 

+ 7.32 

- 0.64 

+ 1.17 


+1.71 

80 

+ 41.85 

+20.59 

+10.88 

- 2.24 

+ 2.49 

- 9.71 

+4.73 

46 

+ 40.21 

+10.03 

+ 4.06 

-17.46 

-16.16 

- 5.98 

+1.30 

73 

+ 5.68 

+ 9.15 

+ 7.58 

- 0.05 

- 1.21 

- 1.67 

-1.15 

66 

- 20.47 

-10.15 

+ 0.78 

- 4.92 

- 5.53 


-0.61 

1940 

+561.6 

+250.8 

+160.7 

-178.3 

-137.4 


+40.9 

Means 

-f" .29 

+ .13 

+ .08 

- .09 

- .07 


4" *92 


Table H 

(2) (3) (4) (5) (6) (7) (8) 

No. U L U L U-L U-L 

P.G.C. 

8 B B B tt 8 8 

325 -f .098 + .050 -f.115 -b.l75 -b.030 -.107 -.597 

1801 - .089 -h .051 +.025 +.026 -.003 +.150 -.231 

1871 - .003 + ,009 +.028 +.032 -.013 -.004 - .071 

2135 - .194 - .340 -.436 -.253 +.147 -.184 -.036 

2536 - .051 - .024 -.050 +.012 -.002 -.043 -.021 

4327 + .008 + .009 +.019 -.016 -.029 +.014 +.015 

4591 + .126 + .093 +.151 +.038 +.026 +.060 -.112 

4971 -1.066 -1.129 -.336 -.910 +.004 +.574 -.510 
5499 - .158 - .035 -.178 +.242 -.122 -.420 -.298 

218 + .135 + .135 +.270 +.364 .000 -.094 - .094 

corrected values. Column (8) shows the amount by 
which U~L in (7) is reduced by dR as given in (6). 
This is computed in the sense of numerical reduction 
of U-L and not algebraical reduction, so it indicates 
the reduction of the probable- error of transits of tho 
19 Azimuth Stars by application of dB, and points to 
the principal source of (U-L). 

The effect of dR upon equator point is equally pro- 
nounced. This can be well shown by a comparison of 
the mean equator point derived from the double tran- 
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TABLE F NORTH and SOUTH STARS 


Obs . 

n 

7 h-\-CR 

n + dl2 

( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 


tt 


B 

M 

ff 


B 

84 

+ 65.82 

+ 44.63 

- 0.17 

+ 0.93 

- 4.53 

- 44.70 


60 

+ 32.75 

+ 29.74 

+ 11.25 

- 1.03 

+ 3.16 

- 18.49 

- 2.13 

122 

- 2.16 

- 2.60 

+ 8.81 

- 3.73 

+ 0.46 

+ 11.41 


127 

- 29.66 

- 30.63 

+ 9.13 

- 1.49 

+ 0.27 

+ 39.66 

+ 1.76 

122 

+ 64.24 

+ 46.48 

+ 17.82 

- 0.69 

- 2.36 

- 28.66 

- 1.07 

190 

+ 22.02 

+ 26.24 

+ 1.20 

+ 0.62 

+ 1.70 

- 24.98 

+ I.IS 

200 

~ 46.96 

- 43.85 

- 11.68 

- 0.08 

- 2.70 

+ 32.17 

- 2.62 

106 

+ 103.22 

+ 69.60 

+ 26.67 

- 33.76 

- 38.21 

- 33.83 

- 4.46 

67 

+ 4.02 

+ 13.91 

+ 13.40 

- 1.51 

- 2.08 

- 0.51 


104 

+ 33.32 

+ 26.83 

+ 12.28 

- 4.85 

- 9.86 

- 14.66 

- 6.01 

183 

+ 43.57 

+ 34.81 

+ 2.94 

- 2.03 

+ 8.06 

- 31.87 

+ 10.08 

00 

~ 33.26 

- 28.11 

+ 10.66 

- 3.49 

+ 0.68 

+ 38.77 

+ 4.17 

161 

+ 132.71 

+ 78.02 

+ 0.90 

- 32.66 

- 42.25 


- 9.60 

202 

+ 39.53 

+ 6.64 

;+ 7.74 

- 6.59 

|- 3.75 

ESbEI 

+ 2.84 

221 

+ 142.18 

+ 117.81 

+ 27.61 

- 2.82 

- 21.65 

- 90.30 

- 18.73 

181 

- 9.90 

- 4.13 

- 6.82 

- 0.47 

- 1.40 

- 1.09 

- 0.93 

91 

+ 16.73 

+ 9.64 

+ 8.45 

- 1.91 

- 3.22 

- 1.09 

- 1.31 

96 

+ 8.44 

+ 11.84 

+ 8.80 

- 0.79 

- 0.01 

- 3.04 

+ 0.78 

123 

+ 43.86 

+ 34.36 

+ 13.73 

- 0.07 

+ 1.73 

- 20.03 

+ 1.80 

68 

+ 43.06 

+ 21.23 

+ 6.04 

- 14.45 

- 16,84 

- 16.19 

- 2.39 

103 

+ 3.28 

+ 6.16 

+ 6.12 

- 0.34 

+ 0.06 

+ 0.96 

+ 0.40 

101 

- 24.71 

- 18.71 

+ 0.56 

1 

- 4.46 

- 4.37 

+ 19.27 

+ 0.09 

2802 

+ 633.1 

+ 438.7 

1 

+ 176 . 4 ; 

- 116.7 

- 143.4 

- 263.3 

- 27.7 

Means 

+ .23 

+ .16 

+ . 06 | 

- .04 

- .00 

- .09 

- .01 


aits alone with that obtaiuc3cl through the eomparison 


with P. G. C. 

Eq. 

Eci+C7i 

Eq + dli 

Eq 4" dR 
+ AP.O'.C, 

Doul,)le Transits 

12.09 

12.51 

12.07 

(12.07) 

P. a. C. N. of Zen. 

12.59 

12.45 

12.04 

12.04 

P. G. C. S. of Zon. 

12.30 

.12.54 

12.59 

12.00 

P. a. C. N. and H. 

12,45 

12.50 

12.01 

12.01 


i K ir 

North-South ’ +0.20 -0.00 +0.05 

±0.31 ±0.19 ±0,07 


That ia, the application of dli Ima brought the observa- 
tiona nortli and south of the zenith to agree within 
0'^05, with a p. c. for a singh'. stretch of ±0".07. At 
tlic same time the mean equator point as derived 
through P. G. C. has been made to agree with that 
derived from double transits within 0''.0(). Thus far 
wo have shown that, even with an imperfect knowledge, 
of the meteorology involved, the application of a cor- 
rection for differential refraction removes the diurnal 
term, the systematic errors Aa«, AS«, {U~L), and (iV-jS), 
and materially decreases Aas and A5s; in other words 
it has straightened the meridian and improved the 
equator point. 


TABLE G 


S . Z . D . 

(AE) 

Obs . 

n 


u -\-^ dR 

( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 

O 



B 


B 

B 

B 

ff 

B 


282 

29 

+ 1.04 

+ 1.82 

+ .07 

+.64 

+.61 

- 1.74 


287 

21 

+ 

.05 

+ 

.61 

- .10 

+.22 

+.26 

- .71 

HBH 

295 

41 

+ 

.21 

- f - 

.38 

+ .13 

+.12 

+.02 

- .25 

-.09 

305 

125 

+ 

.08 

+ 

.25 

+ ,03 

+.06 

-.06 

- .22 

-.12 

315 

198 

+ 

.08 

4 " 

.23 

+ .07 

+.08 

-.00 

- .16 

-.08 

32.5 

115 

— 

.02 

+ 

.06 

- .03 

+.03 

-.03 

- .08 

-.06 

335 

105 

— 

.10 


.03 

- .08 


-.06 

- .05 

-.11 

346 

113 

— 

.02 

+ 

,03 

- .03 

+ .02 

-.03 

- .06 

-.05 

366 

116 

+ 

.19 

+ 

,21 

+ .17 

+.01 

-.06 

- .04 

-.00 

5 

102 


.23 

+ 

.21 

+ .17 

-.02 

-.07 

- . 04 - 

-.05 

16 

287 

+ 

.36 

+ 

,31 

+ .29 

-.02 

-.06 

- .02 

-.02 

26 

290 


.43 


.36 

+ .33 

-.06 

-.07 

- .02 

-.01 

36 

408 

+ 

.28 

+ 

.17 

+ .16 

-.08 

-.11 

- .01 

-.02 

45 

205 

+ 

.29 

+ 

.14 

+ .13 

-.13 

-.14 

- .01 

-.01 

65 

296 

+ 

.36 

+ 

.12 

+ .06 

-.17 

-.19 

- ,06 

-.02 

66 

221 

+ 

.10 

— 

.10 

- .18 

-.18 

-.18 

- .09 

+.00 

73 

71 

+ 

.16 

— 

.26 

— .44 

-.09 

+.13 

- .19 

+.22 

78 

70 


.27 


.84 

- 1.20 

+.08 

+.92 

- .36 

+.84 


(1) gives (unount by which CR increascB or decreases the original 
n numerically; plus means p.e. is increased and minus the p.e. ia 
decrGiised. (2) gives some numerical increase or decrease when dR 
is applied. (3) gives dR — CR «di2i. (4) gives numerical in- 
crciiHC or decrease caused by application of dR. These apply to 
Table F as well as G, Values given in F are sums while those given 
in G arc meaius. 

To present the foregoing discussion in visual form 
we ceaso to consider the transits and zenith-distances 
as separate observations and independent of each other. 
The residuals formed from thorn may be taken as the 
two rectangular coordinates of the starts displacement 
by atmospheric effects plus accidental error. We will 
take for the sine component the n in Z. D., and for the 
cosine component the n of the transits, and we will 
consider the zenith of our instrument as the zero point 
for each coordinate. This will conform to Fig. 1. To 
show that the prismatic effect is real and measurable, 
and while systematic for a given stretch is not the 
same for each stretch, Plates B, C, D, E have been pre- 
pared. The separate squares of these four plates are 
numbered alike. 1-4 gives the position of each star 
as given by the original n, 5-8 gives the position when 
corrected for CR only, 9-12 the position when cor- 
rected for CR + dR. For 784 there is also exhibited 
the results obtained by using' the finally concluded 
value of p; 

p«a sin (a“0)+ h cos (a— 0) + c sin 2 (a~0) 

+ d cos 2 (a-O) 

Plate F contains all the stars for the 22 stretches em- 
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ployed, omitting none. On plate G are plotted the 
ephemerides of the meteorological zenith for five 
stretches for the times when observing was going on. 
These values are also given in tabular form in Table I. 
These plates should satisfy the most skeptical that 
clR is a positive measurable phenomenon. 

The diagrams also give the opportunity to study the 
probable error. In the formation of P. G. C. Dr . Boss 
established as his unit for weight 1.0 the value =t0''.30 
in either coordinate. Hence, if we are allowed ±0".30 
in R., A. and =t:0".30 in Z. D. it follows that if we draw 
a circle whose radius is =»=0".30 x 1.414 we include the 
maximum deviation from the true zenith that is allow- 
able for weight 1.0. ' That is, the radius of the limiting 
circle for unit p. e. is =i=0".424. The circles drawn | 
represent 1-5 times the p. e. for weight 1.0. It cer- 
tainly is evident that we err if we fail to take into con- 
sideration the time of day that the observation was 
made when discussing such a series of observations as 
the Albany observations. ■ In 784 to throw out all the 
observations in R. A. that give n larger than --1".50 
among the morning observations would be unjustified, 
just as to throw away all the daytime observations and 
confine the reductions to the night observations alone 
is unjustified, for the night observations are nearly as 
far from the true meridian, only on the other side. 
Each set of observations, whether made morning, 
afternoon, or night is perfectly consistent with the 
zenith point derived for that time of day. Here we find 
perfect accordance with, and most striking confirma- 
tion of what is pictured in Fig. 1. Studying these 
plates in connection with Plate G we can see the com- 
bined effect of drift and diurnal term. In 771 we 
have an effect more or less at right angles to that of 
784. Here the effect is principally in Z. D. Then in 
815 we have an effect that is between the two in Z. D. 
but opposite in direction to 784 in R. A. 

If dR is such an important term in the reduction of 
the Albany observations it must be the source of the 
major part of the before and after sunset and sunrise 
effect as found at other observatories. Tucker found 
the diurnal effect very marked at Lick Observatory. 
The dR term is undoubtedly the source of his trouble 
as given in L. 0. Bulletins Nos. 292, 308 and 330. To 
show this his sunset-sunrise as given in No. 330 was 
arranged according to Mt. Hamilton Mean Time and 
p was formed from San Francisco Meteorology for 
1901-2 as given in U. S. Weather Bureau Reports. 
(See Table J). Mean values have been used for the 
months in which the observations were made. These 
values of p are given together with values of sunset- 
sunrise. Solving for p we obtain 0 = +0“.1878 p 
which gives column C when expanded and 0-C when 


TABLE I MET . ZEN . EPHEMERIDES 


M . T . 

739 

761 

771 

784 

815 

Z . D . R . A . 

Z . D . R . A . 

Z . D . R . A . 

Z . D . R . A . 

ZiD . ! R . A . 

h 

& » 

9 ff 

If ff 

ff ff 

It ff 

0.5 

i t t « I « 

-.26 -.10 

■ » « t . ■ 

■ PI « ■ • 

« * « • • « 

1.5 

* * • * t i 

-.23 -.09 

+.24 -.01 

• I i • • f 

+.19 -.05 

2.5 

• ■ < • • ■ 

-.20 -.07 

+.21 -.04 

-.06 +.07 

+.18 +.02 

3.5 

+.03 +.07 

-.21 -.08 

+.30 +.01 

-.09 -.03 

+.19 -.08 

4.5 

+.14 +.13 

-.18 -.06 

+.40 +.07 

-.04 +.12 

+.20 -.22 

5.5 

+.08 +.08 

-.19 -.06 

+.40 +.09 

-.01 +.23 

• « * pit 

6.5 

+.06 +.06 

-.16 -.05 

+.42 +.08 

+.01 +.28 

+.22 -.31 

7.5 

+.08 +.08 

-.19 -.07 

+.47 +.10 

+.02 +.31 

-1“.23 — .34 

8.5 

+.02 +.03 

-.16 -.05 

+ .42 +.08 

+.01 +.30 

+.22 -.28 

9.5 

.00 +.01 

-.14 -.04 

+ .39 +.06 

+.01 +.29 

"(-♦21 ”*.21 

10.5 

+ .01 +.09 

-.15 -.04 

+.38 +.05 

.00 +.25 

+.21 -.18 

11.5 

-.02 -.04 

-.22 -.08 

+.40 +.06 

+.01 +.28 

+.21 —.17 

12.5 


-.20 -.07 

+.30 +.01 

+.02 +.32 

+.21 -.17 

13.5 

■ • « • 1 

• ■ • i • • 

• if • « « 

+.06 +.45 

+.21 -.17 

14.5 

• • * • » * 



« p « • • f 

+.20 -.08 

15.5 

■ < • • < « 


■ 

■ « * « • * 

« p p • p p 

+.19 -.06 

16.5 

• * * • • • 

... ... 

• • ■ • • • 

• I p lit 



17.5 

• • 1 f • « 

-.22 -.07 

■ ft • « « « 

■ p p IIP 

P « ft ■ ft ft 

1 S .5 


-.27 -.07 

■ ft « « ft ■ 

-.07 +.04 

ft ft • ft * 

19.5 

• * . t * • 

-.33 -.11 

1 ft ■ f ft ft 

-.21 -.39 

I . t It. 

20.5 

-.06 -.03 

-.33 -.14 

+.24 -.05 

-.19 -.33 

ft ■ ft ■ 4 ft 

21.5 

-.08 -.04 

-.33 -.15 

+.23 -.06 

-.16 -.18 

ft 1 ft ■ ft t 

22.5 

-.15 -.10 

-.35 -.15 

+.21 -.06 

— 

ft 1 ft ft ft ft 

23.5 

-.18 -.13 

-.30 -.13 

* • p • p p 

• It * 1 p 

t ft * ft ft ■ 


applied. It is to be noted that 0 and C agree as to 
sign for 47 out of the 58 values. In column 0-C, we 
have 9 minus and 20 plus residuals in place of 29 plus, 
and 11 plus and 18 minus residuals in place of 29 minus. 
And if we treat columns 0 and 0-C as residuals for 
p. e. the p-term has reduced the p. e. from =i=0''.030 to 
=t:0“.023. If these observations could have been 
treated in the same manner in which 784 of the Albany 
observations was treated there is little doubt that the 
diurnal term in these residuals could have been almost 
completely eliminated. This rough test of the Mt. 
Hamilton results is interesting 'as evidence that the 
phenomenon is not purely local. 

In Tables K are exhibited gi'oups derived from thc» 
residuals as given in Second Series of Washington 
Observations, Vol. IX, Part 1, pages A73-381. These 
being the only series of observations conveniently 
available for testing the theory of dR the residuals as 
published have been examined in detail. From 
meteorology furnished by the U. S. Weather Bureau, 
, ju and pp were formed for each residual and p, pp and 
n were arranged according to Washington Mean Time. 
These means are exhibited in Tables K, for each group 
separately and for the two groups combined. In the 
solution for Fp -{- Fpp each observation was assigned 
weight 1.0. Having in a previous test discovered the 
importance of the p-term and not wishing, at the 
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TABLE J 

Lick — Before and After Sunset and Sunrise 


TABLE K R . A . Group at 42 ’ 





-.043 

-.041 

-.011 

+.016 

+.019 

+.019 

+.028 

+.018 

+.017 

+.019 

+.016 

+.028 

+.028 

+.016 

+.020 

-.012 

+.002 


+.010 
+.012 
+.014 
+.016 
+.013 
+.013 
+.013 
+.011 
+ .011 
+.010 
+.011 
+.011 
+.011 
+.011 
+.010 
+.007 
+.006 


-.063 
-.053 
-. C 26 
- .001 
+ 000 
+.000 
+.016 
+.007 
+.006 
+.009 
+.006 
+.017 
+.017 
+.006 
+.010 
-.019 
-.003 


-.019 

-.016 

-.012 

-.008 

-.003 

+.003 

+.008 

+.013 

+. 017 . 

+.020 

+.021 

+.021 

+.019 

+.016 

+.013 

+.008 

+.004 


+.010 +.011 


-.034 

-.037 

-.013 

+.007 

+.009 

+.003 

+.007 

-.006 

-. 011 * 

-.011 

-.016 

-.004 

-.002 

-.011 

-.003 

-.027 

-.007 

-.009 


TABLE K D ( icl . Group at 6 ’’ 42 "’ 


M.T. ?i8 dli (OC)i p (0-0)2 


0.972 

0.986 

1.000 

1.006 

1.030 

1.040 

1.042 

1.044 

1.051 

1.060 

1.030 

1.024 

1.011 

1.009 

0.992 


+.032 

+.162 

+.366 

+.483 

+.263 

+.242 

+.220 

+.118 

+.103 

+.026 

+.064 

+.090 

+.103 

+.144 

+. 07 i ) 


h 

' 3.6 

4.6 

6.6 

6.5 

7.4 

8.5 

9.5 

10.4 

11.6 

12.5 

13.5 



II I 

+.10 +.60 -.60 

+.08 +.63 -.66 

+.40 +.65 -.25 

+.76 +.60 +.10 

+.76 +.66 +.10 

+.84 +.67 +.17 

+.89 +.66 +.23 

+.79 +.66 +.13 

+.76 +.66 +.10 

+.90 +.66 +.26 

+ .86 +.64 +.21 

+.71 +.64 +.07 

+.75 +.64 +.11 

+.92 +.64 +.28 

+.61 +.62 -.01 

+.50 +.56 -.06 

+.61 +.59 +.02 


+.68 +.64 


-.22 -.28 
-.17 -.38 
-.11 -.14 
-.06 +.16 
+.02 +.08 
+.09 +.08 
+.15 +.08 
+.20 -.07 
+.24 —.14 
+.26 -.01 
+.26 -.05 
+.25 -.18 
+.22 -.11 
+.17 +.11 
+.12 -.13 
+.06 -.12 
.00 +.02 


completely eliminated the constants in R. A. and 
Decl, From the above tables we have 


Mean 

n 


R. A. 

Mean 

dR 


Mean 

(O-C)i 

B 


Deol. 

Mean Mean Mean 
n dB (O-C)i 


5" +0.010 +0.011 -0.003 +0.68 +0.64 +0.02 

ISi* +0.033 +0.033 +0.002 +0.46 +0.42 +0.04 

All +0.024 +0.022 +0.002 +0.51 +0.62 -0.01 
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TABLE K R.A. Group at 18^ 5*^ 


TABLE K R. A. Groups 6*^ 42™ and 18*^ 6™ 


M.T. 


h 

2.7 

3.6 

4.5 

6.6 

6.5 

7.5 

8.5 

9.6 

10.4 

11.4 

12.6 

13.6 

14.6 

16.5 

16.6 

17.5 

18.5 
10.4 
20.3 
21.1 

Means 


( O - C)i p (0-0)2 


+.010 
+.009 
+.003 
+ .026 
+.031 
+.041 
+.037 
+.034 
+.047 
+.046 
+.048 
+.039 
+.042 
+.038 
+.045 
+.043 
+.046 
+.023 
+.037 
+.055 


+.031 

+.032 

+.034 

+.036 

+.036 

+.034 

+.034 

+.033 

+.033 

+.032 

+.032 

+.032 

+.034 

+.033 

+.034 

+.034 

+.033 

+.032 

+.031 

+.032 


+.033 +.033 


-.021 

-.023 

-.031 

-.009 

-.006 

+.007 

+.003 

+.001 

+.014 

+.013 

+.016 

+.007 

+.008 

+.005 

+.011 

+.009 

+.012 

-.009 

+.006 

+.023 


+.002 


-.015 

-.014 

-.013 

-.011 

-.008 

-.005 

-.001 

+.003 

+.006 

+.010 

+.013 

+.014 

+.015 

+.015 

+.013 

+.011 

+.008 

+.006 

+.002 

-.002 


-.006 

-.009 

-.018 

+.002 

+.003 

+.012 

+.004 

-.002 

+.008 

+.003 

+.003 

-.007 

-.007 

-.010 

-.002 

-.002 

+.004 

-.014 

+.004 

+.025 



TABLE K Deol. Group at 18^^ 6™ 


TABLE K Deol. Groups S'- 42™ and 18'' 6' 



M . T . 


h 

0,996 -.049 

2.7 

0.983 +.109 

3.6 

0.978 +.310 

4.6 

0.071 +.622 

5.6 

0.067 +.669 

6.6 

0.965 +.398 

7.6 

0.963 +.370 

8.5 

0.901 +.262 

9.6 

0.962 +.226 

10.4 

0.909 +.161 

11.4 

0.977 +.146 

12.6 

0.988 +.126 

13.6 

0.997 +.154 

14.6 

1.004 +.169 

16.5 

1.013 +.134 

16.6 

1.020 +.143 

17.6 

1,035 -.017 

18.6 

1,044 -.144 

19.4 

1,048 -.263 

20.3 

1,044 -.376 

21.1 

Means 



m dB (0-C), p (0-0)2 


tl It It It 

-.05 +.37 -.42 -.36 

-.05 +.40 -.46 -.31 

+.11 +.44 -.33 -.25 

+.40 +.47 -.07 -.16 

+.47 +.48 -.01 -.06 

+.47 +.46 +.02 +.04 

+.53 +.44 +.09 +.14 

+.69 +.42 +.17 +.22 

+.65 +.42 +.23 +.29 

+.68 +.40 +.28 +.35 

+.77 +.40 +.37 +.38 

+81 +.41 +.41 +.39 

+.72 +.41 +.31 +.36 

+.69 +.43 +.16 +.32 

+.74 +.43 +.31 +.26 

+.61 +.42 +.19 +.16 

+.48 +.39 +.09 +.06 

+.36 +.38 -.03 -.03 

+.26 +.37 -.11 -.12 

-.06 +.38 -.43 -.19 


+.46 +.42 +.04 


tl 

-.06 

-.14 

-.08 

+.09 

+.06 

-.02 

-.06 

-.05 

-.06 

-.07 

-.01 

+.02 

-.05 

-.16 

+.06 

+.03 

+.03 

.00 

+.01 

-.24 


-.04 


jU pp 

M. T. 

rii dR 

(O-C)i p (0-C)2 


]i 

1 / n 

tt II II 

0.996 -.069 

2.7 

-.05 +.60 

-.56 -.36 -.19 

0.980 +.083 

3.6 

.00 +.51 

-.51 -.30 -.21 

0.981 +.239 

4.5 

+.10 +.52 

-.42 -.23 -.19 

0.986 +.438 

6.6 

+.40 +.54 

-.14 -.13 -.01 

0.987 +.621 

6.5 

+.62 +.56 

+.07 -.04 +.11 

0.998 +.331 

7.6 

+.61 +.54 

+.07 +.07 .00 

1.002 +.306 

8.5 

+.68 +.54 

+.14 +.18 -.04 

1.001 +.241 

9.6 

+.74 +.63 

+.21 +.26 -.05 

' 1.005 +.169 

10.4 

+.72 +.53 

+.19 +.33 —.14 

1.021 +.126 

11.6 

+.73 +.52 

+.21 +.38 -.17 

1.026 +.066 

12.6 

+.86 +.62 

+.34 +.41 -.07 

1.016 +.085 

13.6 

+.84 +.52 

+.32 +.40 -.08 

1.015 +.111 

14.6 

+.71 +.62 

+.19 +.37 -.18 

1,008 +.127 

16.6 

+.68 +.62 

+.16 +.31 -.15 

1.011 +.139 

16.6 

+.83 +.63 

+.30 +.23 +.07 

1.009 +.111 

17.5 

+.61 +.52 

+.09 +.14 -.06 

1,014 -.062 

18.5 

+.49 +.49 

.00 +.04 -.04 

1.022 -.188 

19.4 

+.44 +.60 

-.06 -.06 .00 

1.048 -.263 

20.3 

+.26 +.64 

-.28 -.16 -.13 

1.044 -.376 

21.1 

-.05 +.66 

-.61 -.23 -.38 

Means 


+.51 +.62 

-.01 -.10 



















DIFFERENTIAL REFRACTION IN POSITIONAL ASTRONOMY 


21 


The small values of mean (O-C)i show that, dR has 
straightened and shifted the meteorological meridian 
and zenith to agree with the true meridian and zenith 
of the instrument, and in doing so has eliminated the 
resultant drift of the observations toward the north- 
east. (0 - C)i was then solved for a sin WMT 
-h h cos WMT to obtain the value of the p-term in the 
residual diurnal effect, as for Albany, giving 

5^ group 

p = -0«.0101 sin W.M.T. -0«.0184 cos W.M.T. 

= -|-0».0210 cos (13^ 66™ ~ W.M.T.) 

- -0".082 sin W.M.T. -0".263 cos W.M.T. 

= +0".265 cos (131* 12™ - W.M.T.) 

18^ group 

p 0".0096 sin W.M.T. -0«.0114 cos W.M.T. 

= +0«.0149 cos (14^^ 40™ - W.M.T.) 

= --OMOS sin W.M.T. -0".373 cos W.M.T. 

= 4-0".387 cos (13‘'2™ - W.M.T.) 

All 

p == -0«.0125 sin W.M.T. -0«.0070 W.M.T. 

= +0«.0142 cos (!()’’ 3™ - W.M.T.) 

- -0^085 sin W.M.T. -0".398 cos W.M.T. 

= +0".407 cos (12M8™ - W.M.T.) 

The results of these solutions for Fp + Fjap and p terms 
show that the normal shift for Washington, d\io to 
(IR, was 

+0« .022 -HO’’ .0142 cos (16*^ 3™ - W.M.T.) 
H-0''.52 +0".407 cos (12M8™ - W.M.T.) 

Objection may be made to removing the constant by 
means of Ffx + Fpp instead of merely taking out a 
constant. The taking out of the constant before all 
known forms of error have been corrected for is not 
defensible, especially when such a well marked cosine 
term is contained in the residuals. If the n# and m 
were known for each hour of the 24 hours we could 
assume tlic means were true constants, but to do so in 
the present case would be erroneous. In order to 
show that the p-term (a sin W.M.T. + h cos W.M.T.) 
will be very little affected by the removal of a constant, 
a constant was applied to each group and, solving for 
a sine and and cosine term, we obtained 

5^^ group 

+0«.010 ~0".0075 sin W.M.T. ~0«.0209 cos W.M.T. 
+0«.010 +0«.0222 cos (13^^ 19™ - W.M.T.) 

+0".68 -0''.076 sin W.M.T. -0".242 cos W.M.T. 
+0''.68 +0".254 cos (13^ 10™ - W.M.T.) 


18^^ group 

+0-.033 -0-.0078' sin W.M.T. -0-.0138 cos W.M.T. 
+0-.033 +0-.0159 cos (13i» 68™ - W.M.T.) 

+0".46 -0".093 sin W.M.T. ~0".365 cos W.M.T. 
+0'^46 +0''.377 cos (12^' 58™ ~ W.M.T.) 

All 

+0-.024 ~0-.0102 sin W.M.T. -0-.0080 cos W.M.T. 
+0-.024 +0-.0130 COB (151^ 30™ - W.M.T.) 

+0".51 ^0".068 sin W.M.T. -0".405 W.M.T. 

+0".51 +0".411 COB (12^' 38™ - W.M.T.) 

The almost perfect agreement of these values with 
those obtained by using Fg + Ejap would indicate that 
the application of dR would help remove the large 
term in the Washington observations discussed. Also, 
it will be noticed .that the addition of the terms 
sin 2 MT + cos 2 MT, which were not used in this in- 
vestigation would, as for Albany, improve the results. 
That m is not a constant but a very strong, well 
marked diurnal term is shown in the following exhibit. 

WMT Coa'MT n's WMT Cos"MT n"8 Goa' n'ji 

-Goa" -n"8 

h m h tn 

2 41 +.763 - 0,05 14 30 -.793 + 0.71 + 1.66 - 0.76 

3 38 +.681 0.00 16 30 -.609 + 0.68 + 1.19 - 0.68 

4 32 +.376 + 0.10 16 29 -.387 + 0.83 + 0.76 - 0.73 

5 33 +.118 + 0.40 17 28 -.139 + 0.61 - 0.02 - 0.21 

0 28 -.122 + 0.62 18 28 +.122 + 0.49 - 0.24 + 0.13 

7 27 -.371 + 0.61 19 22 +.360 + 0.44 - 0.72 + 0.17 

8 30 -.609 + 0.68 20 17 +.670 + 0.26 - 1.17 + 0.42 

9 28 -.788 + 0.74 21 6 +.726 - 0.05 - 1.61 + 0.79 

In the table, the dependence of ni upon the cosine 
W.M.T, will bo recognized at a glance. 

This marked dependence upon the time of day that 
the observation was made is further shown by the 
variations in the 1700 observations of a Lyrw, (See 
Popular Astronomy f Vol. XXX, No. 3, page 106). It 
would be extremely interesting to sec if the correction 
to nutation from night observations and from day 
observations would not be much more accordant if the 
observations were corrected for the effects of dR. 
And this confirmation of the diurnal term and dR is 
especially valuable as the observations were made 
with the prime vertical transit instrument. 

In the same volume appears another article which 
also shows that a diurnal effect is being noticed in 
observations. 

aec^ As As comp. Bo&h A3 As comp. 

Jan. +2.41 +1.01 +1.01 July ™0.53 -0.89 -0.22 

Feb. +0.95 +1.19 +0.40 Aug. -0,43 -0.83 -0.18 

Mar. +0.11 +0.18 +0.06 Sept. -0.14 -0.69 -0.06 

Apr. -0.34 -0.37 -0.14 Oct. +0.52 +0.25 +0.22 

May -0.62 -0.48 -0.22 Nov, +1.82 +0.67 +0.76 

June -0.66 -0.52 -0.24 Dec. +3.00 +1.02 +1.26 
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Column seA is derived by subtracting sec® 2 i of the 
Washington latitude from sec* 2 ! of the Siin^s declina- 
tion. Aa is copied from Hammond’s article and As comp, 
is derived from a solution giving As = +0'^42 sec® 2 . 
The perfect agreement in sign and the general 
reduction of the original residuals suggests that there 
may be some connection between dR and As. 

In the Annuaris Astronomicopel 1923, Torino 
appears an article on the Diurnal Variation of Latitude 
which would appear to be another manifestation of 
the effect of dR. After conference with Dr. Kimura 
on the occasion of his recent visit to the Dudley Ob- 
servatory, it seems probable that the effect of differ- 
ential refraction on the latitude observations will re- 
move a large part at least of the 2 -term. • Then there 
is the question as to what extent the dR term effects the 
observations of the Sun, Moon, and Planets, both 
directly and indirectly, through the adopted clock cor- 
rections. Also, this phenomenon is undoubtedly the 
cause of different systematic corrections to catalogues, 
depending on whether we use bright or faint stars. In 
the observations of the bright stars, taken more or less 
throughout the 24 hours of the day, the effect of dR 
will tend to eliminate; in the observations of the faint 
stars taken always at night it will not. The various 
attempts to solve this perplexing problem have held up 
the reductions of the San Luis and Albany observa- 
tions for some time and we are fully aware of the im- 
patience felt, in some quarters, over the long delay. 
Inasmuch, however, as the series of investigations have 
enabled us to explain in a natural way so many of the 
points which hg-ve been puzzling meridian observers 
for years, we feel that the time has been well spent. 
With physical explanations for most of the known 
systematic errors and means of eliminating or evaluat- 
ing them, we plan to reduce and discuss all the Fund- 
amental stretches both in R. A. and Z. D., for both 
series of observations, those of San Luis and Albany, 
as one connected series, as only by so doing can certain 
fundamental questions be settled. 

In this preliminary investigation no rejections nor 
changes in the original data have been allowed. All cor- 
rections, such as corrections to circle readings derived 
from- the Nadir, (N-S) both in R. A. and Z. D., and 
sine flexure, have been considered as absolute. In 
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other words, all instrumental corrections determined by 
special observations have been considered as final and so 
used. ■ All observations have been used with their full 
weight. In the second approximation we shall feel 
warranted in rejecting all residuals exceeding 6 x p. e., 
after the residuals have been corrected by the first 
approximation. In this way, we hope to obtain true 
positions of the stars and not the positions of the stars 
as they should have been to agree with the other 

determinations. And, in using the places of P.G.C., 
we will endeavor to so combine the observations that, 
except for the zero point in R. A., concluded positions 
will be independent of P. G. C. As indicated else- 
where, P. G. C. places will be used only as a rough 
scale to determine the systematic errors in the observa- 
tions and then the errors of the scale will be determined. 

SUMMARY 

1. There is a varying prismatic effect due to the 
changes in the strata of the atmosphere. 

2. The total effect is essentially a shift of the 
meteorological zenith. 

3. The temperature, and not the barometer, is the 
controlling factor. 

4. Expressions have been derived for the effect of 
this phenomenon on observations. 

6. When these expressions have been applied to the 
observations, the (N-D) has been substantially re- 
duced. If humidity and Siiw-temperatiire had been 
employed in the original solution for dR, the diurnal 
term would have been completely eliminated. 

6. The diurnal term is due directly to the atmos- 
phere. Its law is a sin (a — 0) +6 cos (a - G) 
-f c sin 2 (a - 0) + d cos 2 (a - 0). 

7. The systematic corrections Aaa and A5a have 
been practically eliminated. 

8. The application of dR brings the observations 
north and south of the zenith into better agreement 
without the application of a constant. 

9. Tests of published results of other observatories 
show that the phenomenon is not local. 
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PART II 

Method of Fundamental Reduction 


Part I contains a discussion of the effect of refraction 
upon observations. In order that the results may not 
be attributed to the method of reduction, it is well to 
state what steps have been taken to insure freedom 
from systematic error in the final results through a 
rigorous treatment of the material, whereby the prob- 
able sources of systematic error have been evaluated 
and eliminated. No reduction can be called funda- 
mental unless it can be shown by an analysis of the 
method used that the observations themselves fix one 
point in the sky free from any assumed places of the 
stars used; that is, a fundamental method must give a 
zero point in the sky. Bearing this criterion in mind, 
let us develop, as briefly as possible, th(j method used 
in reducing the Albany observations. Incidentally, it 
should be borne in mind that in the following dis- 
cussions we are considering systematic and not acci- 
dental errors. 

Zenith Distances 

For observations in zenith distance, wo must fix the 
zero point through the polo-licight, which can be 
derived directly from ol)sorvations of the successive 
transits of a circumpolar star. Once we have the 
zenith distance of the pohj, we know the zenith dis- 
tance of the equator; that is, we would have the 
equator-point, were it not for th(^ several systematic 
errors that effect every zonitli distance observation. 
So, if we can determine the effect of (wery error on the 
equator-point and correct our observations for tlu'in, 
we can get the true pole and the true (‘ciuator-point. 

There are five soiirces of error in zenith distance 
observations; the Circles, the Telescope, tlie Rcdicule, 
the Personal Equation, and th(^ Atmospheres. 

The Circles,— Corrections for the division errors and 
circle flexures have l)een vc.ry thoroughly determined 
for the circles of the Olcott Meriilian Circle and can 
be taken as definitive. 

The Telescope.— The sine-flexure has been very care- 
fully determined by observations made in conne(;tion 
with the north and south ('.olliinators. This can be 
taken as definitive. 

The Reticule . — Double settings and double readings 
in zenith distance were made at frequent intervals to 
determine the inclination of the fixed zenith distance 
wire. So that this correction can be considered as 
without effect on the corrected zenith distance. 

Personal Equation . — Special observations were made 


bv each observer to determine this correction of the 
form feet north minus feet south. These values were 
applied and can be considered as a very close approxi- 
mation to the truth. 

Atmosphere . — The usual corrections for vertical re- 
fraction were computed, based on the Pulkova Tables 
and our own meteorology. In-so-far as they go, they 
serve for a first approximation. 

The circles, corrected for, can be considered nearly 
perfect, the telescope and reticule can also be consid- 
ered as giving perfect readings except for any illumina- 
tion error, and the readings can be considered as free 
from personal equation, except as personal focus may 
superimpose on illumination a secondary illumination 
error. 

The effect of these errors will be very slight, so that 
when we take two observations of the same circumpolar 
star twelve hours apart the mean is practically free 
from all sources of error, except atmospheric, and can 
be taken as giving the zenith distance of the pole. 

Since the equator is 90° from the pole, we have 

True s of pole -|-90° = Equator-Point AE and BW* 
True z of pole “90° = Equator-Point AW and BE 

h'or studying the systematic eiTors of observed zenith 
distance, we will use the PreUwmciry General Catalogue 
of Dr. Lewis Boss, and iiiste.ad of transforming 
zenith distances to declinations, wc will transform the 
declinations of P. (I C. to Albany zenith distances by 
i!»(‘nns of the eiiuator-poiiits derived as indicated al>ove. 

True z of pole -1-90° - PGC 8 = Computed Z.D. 

AE and BW 

True z of pole -90° PGC 8 = Computed Z.D. 

AW and BE 

Wo have thus introduced into our discussion the 
systematic errors of P. G. C. so that, sooner or later, 
we will have to evaluate and ASg; which designate 
respe(!tivcly the systematic error in declination de- 
pendent upon right-ascension, and the systematic error 
in declination dependent upon declination. 

In tracing the effect of each form of systematic error, 

*The (jircles are distinguished by the letters A and B. For 
eoonotny of reference AE refei*a to readings on circle A, clamp ejwt; 
BW refers to reaxlings on circle B, cliunp west, etc. Circle A is on 
the damp end of the axis. AE gives 8. Z. D. 
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we will consider that all other errors, save the one 
under consideration, do not exist and thus obtain the 
CiSect of each, error upon the equator-point, and we will 
treat of corrections, not errors. As the effect of 
differential refraction will be the most erratic and the 
most important of our errors, we will examine for dR 
first. 

Refraction. 

True z above pole - z' CR' + dRi 
True z below pole = 2 " + CS" + dRt" 

True z of pole = 20 + CRd + (dl2i)o ' 


We have thus disposed of atmospheric errors and have 
left the systematic errors oi P>G. C.^ and the residual 
systematic errors, of the observations. 

As the positions of P, G. C. do not enter into the 
formation of our equator-point, we have for observed 
equator reading, 

AE and BW : 

Eq, = 2o + 90° True 2 == 20 + 90° - 5o 
AW and BE : 

Eg. = 2o — 90° True 2 = 20 — 90° + So 
P. G.C. 5 + A8a -h ASjs = So, where So = True Decl. 


Where 

JU 



OR' + CR" 
2 

dRi' + dEi" 
2 


= CRo] 
= (dEi)o 


AE and BW : 


Equator-Point = Eg, = 20 + 90° + GRo + (dE')o 
Computed True s = Eg. So 

2o "Hi 90° — So "h CRo 4" (diRi)o 
Observed True 2 - 2 ' + CE' + dRi . 


+ 90° So + OEo + {dRi)o = 2' + CR' + dRi' 

(Z(t + 90° — 5o) - s' = n = CE'- CRo + dRi'- (dRi)o 


AW and BB: 

Equator-Point — Eg, = Zo — 90° + CRo + {dRi)o 
Computed True 2 = Eg. + So 

= 2o "" 90° + So 4" CEo 4" (dEi)o 
Observed True 2 = 2 ' 4- CE' + dRi 


— 90° -4- So) “ s' = n = OR' — CRo 4- dRi — {dRi)o 

As CRo and (dEi)o will each be constant for the stretch, 
wo can neglect them; then for all positions 

^ ^ CB^+ dEi' = CE' 4- e' F' M +f F' up (4) 


These values of dE come out in the form of correc- 
tions to the zenith distances read. Hence, if we sub- 
tract those values, expanded for each star, we obtain 
7 i/ free from refractional errors, so far as we know. 


AE and BW' 

Computed True 2 = So 4* 90° (S 4- ASa 4" ASs) 
Observed True 2 - 2 ' 

(20 -h 90° - S) - 2 ' - AS« - ASb = 0 

(20 4" 90° — • 5 ) — 2 ' = w = 4"AS(* 4" ASb 

ATT and EE: 

Computed True 2 = So — 90° 4" (S 4" ASa 4” ASb) 
Observed True 2 - 2 ' 

( 2 ^ _ 90° + 3) - 2 ' = n = -AS« - ASb 

where ASa = a sin a + 6 cos a 4" c sin 2a 4“ d cos 2a 

The above equations hold good for all upper transits 
and cover the four positions of the instrument. For 
stars observed below pole, we have a different set of 
equations due to the manner in which we use the 5 of 
P. Q. C. Instead of using 5, we use 

(180° - So) or 180° - (S + ASa 4- ASa) 

BO we have for below pole observations 

AE and BW : 

[20 4- 90° - (180° - 5) ] - 2 ' = n - - AS« - ASj 
ATT and BE : 

[20 ~ 90° 4" (180° — S) 1 — 2 ' = n = 4“ ASa 4- ASa 

From which it follows, we can write our equations in 
the form 


AE n = 4- ASa 4- ASb above pole = -AS* - ASb below pole j 

— ASo — ASb above pole = -f-ASa 4" ASb below pole f 

BE n = -ASa - ASs above pole = 4-ASa 4- ASb below pole I ^ 

BW n = 4-AS« + ASb above pole = - A8« - ASb below pole / 


These equations give us the key for combining the 
four positions of the instrument in order to evaluate 


AS« and ASb. One correction varies according to R.A., 
while the other varies according to zenith distance. 
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As experience has shown that A8i is generally the 
larger, we will evaluate that first. And moreover, 
since we are using all our observations over one or 
more years, it follows that, when we combine for ASs, 
we eliminate the AS* to a very large extent, which is 
important. This cannot be said of Adi when we com- 
bine to obtain A8a. Beginning at- the zenith, divide 
into equal groups north and south. A little planning 
will enable one to place the pole at or near one of the 
dividing points. 

Having formed the means for these groups for each 
position, and collecting them we have 

AE + BW-AW-BE , 

! = -j-ASs above pole 

4 

= ~A65 below pole (6) 
Plotting the values of A88 thus formed, we have the 


means for drawing a curve for the value of A8s. Form- 
ing hourly, or half-hourly groups from the values of n 
corrected for ASs. and combining the mean values of 
each group we have, as for A8s, 


AE + BW-AW- BE 
4 


= -1-A6* above pole 
= — A5a below pole (7) 


Caiftion. — For below pole use true a, not a =•= 12h. 

Forming normal equations and solving, we have the 
values of the coefficients of A5a, which, when applied, 
leave the n’s free from the systematic errors of 
and of refraction. 

Now gathering together all these various corrections 
we have the typical equations 


AE u = “hCE "I" dRi “I" ASa -i- ASs \ 

AW n - —CR — dRi — A8« - A88 I 

BE 71 ~ ~-QR — dR\ AS« — A58 ( 

BW 71 = “{-CR "i- dRi H- A8a -I- ASs | 

AE-AW -BE -{-BW , \ 

: = +CB + dRi -h A8a -f ASi I 

4 / 


There remains one correction unaccounted for, that 
for variation of latitude. 

Put A<{)' ~ <I>Q — <f>' = correction to observed lati- 
tude. As this will affect all Z. D.’s on a given night or 
short stretch* by the same amount, we have 

AE and BW: 

True z above pole = z' -b A + JC 

True z below polo = z" + A <#>' + 

True z of pole = Zo + A<#>' -1- K 

True Eq. Rdg. = Zo + 90° + A^)' + K 

where K - any constant correction to Z. D. readings. 

1 

Computed True z = Zo + 90° H- A^) — dn K 
Observed True z - z' + A<^) + K 


AE and BW ; 

(zo + 90° - 5o) - z' == n - 0.0 A(f> + 0,0 K 
AW and BE : 

(zo - 90° + k) - z' = n = 0.0 A(#> + 0.0 K 


We sec by the above, that our n’s are free JroTn effect of 
variation of latitude and any true constant. That is, we 
have no right to take out the constant that appears in 
our Ti's until we have evaluated all our systematic 
corrections. 


’“By “stretch” is indicated a continuous series of observations 
treated as a unit, which may be extended over a period of several 
days. 


Transits 

As in the case of zenith distances, so with transits we 
have several well defined sources of error: the Clock, 
the Telescope, the Reticule, the Personal Equation, 
the Atmosphere. 

Perhaps the most logical point to start the dis- 
cussion of reductions of transits is at the stage where 
the transits have been corrected for chronograph 
minus eye and ear, magnitude error, pivot error, and 
collimation and level errors. At this point we must 
have recourse to the observations of stars and here 
(inter the places of the fundamental catalogue. 

If we could obtain azimuth and clock corrections 
without using places from a fundamental catalogue, 
we could reduce transits fundamentally. The problem 
therefore is to obtain values for these corrections that 
can bo shown to be free from fundamental catalogue 
'places. For the zero point in R. A., we may use a 
fundamental star system, provided we can subsequent- 
ly free the reductions from the systematic errors of the 
fundamental catalogue. 

Thus the problem resolves itself into one similar to 
that of the zenith distances, to a study of the effects of 
the various systematic errors of observation and 
fundamental catalogue; and, naturally, we will start 
with the azimuth correction determined from double 
transits of the same circumpolar star, as we do not 
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need to know the position of the star used in order to 
evaluate the azimuth correction. 

Put 

T' = first transit = Obs’d transit + (Chron — E 
and E) + Mag. + Pivot + Coll. + Level 

T" = second transit 12** Obs'd transit =t= 12** 
, + (Chron - E and E) + Mag. + Pivot + 
Coll. + Level 

a' = Azimuth Corr. at first transit. 

A' = sin z' sec 5' 

a" = Azimuth Corr. at second transit. 

A" = sin z” sec d” 


App' == Apparent Place Correction at first transit. 
App" = Apparent Place Correction at second transit. 
AT' = Clock Correction at first transit. 

AT" = Clock Correction at second transit. 

Put 

a' = a" + (a' - a") 
fl" = a' + (a" - a' ) 

Then 

T' + A' a' + App' + AT' = True E-, A. 

T" + A"a" H- App" -f AT" = True R. A. 

To derive a' and a" 
r + AV + App' 4- AT' = R. A. 

T" + A" [a' + (a" — a') ] + App" + AT" = R. A. 


(T' - T") + a' (A' - A") - A" (a" - a') + (App' - App") + (AT' - AT") = 0 



and, similarly 


(T' - T") + A" (a' - a") + (App' - App") + (AT' - AT") \ 

A" - A' ' I 

(10) 

(T" - T') + A' (g" - a') + (App" - App') + (AT" - AT') ) 

A' - A" / 


For (a' “ a") or (a" — a') use differences from mire 
readings. 

For (AT' - AT") use —0.5 daily rate from 24** groups. 
For (AT" — AT') use +0.5 daily rate from 24** groups. 
For (App' ~ App") or (App" - App') use differences 
between apparent place corrections. 

By this method a' and a" can be found absolutely 
independent of the system of fundamental stars to be 
employed. This is a fundamental reduction in every 
sense of the word. The only assumption is that 
changes in mires represent changes in azimuth. This 
does not appear to have been a false assumption for 
the Albany observations. In the above, mire readings 
and apparent place corrections are quantities which 
can be computed independent of the observation. 
But daily rate depends upon the observations of stars 
actually made, so it may be well to indicate how the 
24** rates used in the above were obtained. 

T' + AT' + App' + A' of = tt'c — dR' + Aa'a 

+ Aa'i - (5? - Wy - (AT - 
T" + AT" + App" + A"a" = a"c - dR" + Aa"« 

+ Aa"8 - (F? - WY' -(N - 

where {E — W) is the difference in transit times de- 
pending on whether observed clamp east or clairfp west 
and {N — #S) is a similar correction depending on the 


position of the observer. These arc the equations for 
two successive transits of the same star, 24 hours 
apart, so in this step we are not confined to primary 
clock stars. 

Now a'c = a"c, Aa'« = Aa"a, Aa'8-= Aa"8, (E — WY 
= {E - WY', (N - SY = (AT - SY' for the same 
star, and dR' = dR" vdthin very narrow limits. So 
we can write 

(T' - T") + (App' - App") + A' (a' - a") = 

AT" — AT' = 24** rate (11) 

Computing the value of the 24** rate as above for 
all stars observed 24 hours apart for the whole stretch, 
we can form the mean daily rate of the clock absolutely 
free from all systematic errors of both instrument and 
fundamental catalogue, and this rate is fundamentally 
correct, except for the possible error introduced by 
using differences between mire readings for (a' — a"). 
We have thus obtained the azimuth correction for each 
stretch absolutely free from any assumption as to the 
R. A. of the stars involved, both as to clock rate and 
circumpolar stars used for azimuth. If these values 
of a are applied to readings on the mire, we obtain a 
mean reading of the mire over each stretch and apply- 
ing this mean reading to the mire readings, we have a 
set of azimuth corrections to use with all our stars. 
These azimuth corrections were derived from observa- 
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tions of the stars and are to be interp^olated by means ' 
of the mire readings. Correcting the observations of 
the clock stars for the azimuth of the instrument, we 
obtain corrected transits of the clock stars from which 
we are to derive our clock corrections. For this next 
step, we must have recourse to some fundamental cata- 
logue. The Preliminary General Catalogue was used 
for the Albany observations. We now have P. G. C. 
— corrected transit = ATq = clock correction. Form- 
ing 12^‘ groups of these ATo’s and taking means of the 
means of two successive 12^ groups, we have a mean 
clock correction. If, now, we expand this mean clock 
correction by means of the 24^ rate, derived as ex- 
plained above, we have a set of clock corrections which 
are free from Aa« of P. G, C., so far as it follows the 
“sine cosine” law, and practically free from the effect 
of dR or any diurnal term. 

Returning to the double transits of circumpolar stars 
WG have 

r + A'a' + AP'c = a 

r' + A"a" 4- Ar"c - a (12) 


plotted and a curve drawn giving values of a for each 
hour throughout the stretch. These values were 
applied to all fundamental stars throughout each 
fundamental stretch, and we may call them the cor- 
rected transits. But the effect of dR upon the azimuth 
corrections was not taken up; in fact, we have no 
means of evaluating dR until we come to test the 
meridian by comparison with P. G. C. So it is nec- 
essary to obtain an expression for the correction of the 
azimuth curves due to our inability to correct the ct's 
for dR. Here it is well to remember that 

P. G. C. — Corrected Transit 

“ j 

Let us put 

ao “ true azimuth free from dR effect 
a' = actual azimuth as computed and affected by dR 
Aa' = correction to a' on account of dR effect 
a' = oo “ An/ 

Now 


where a' and a” arc the values derived from the mire 
by equations (10). 

Collecting the observations of each star and forming 
the means,, we have places for the circumpolar stars 
derived from our own observations and essentially free 
from P. G. C., except as to the zero point of R. A. At 
this stage we can reduce and use observations of all 
the primary azimuth stars ol)served in stretches 
wherci wi^ were able to determine the azimuth iiuh;- 
pendently from double transits. Using all thes(^ ob- 
servations, we derive Albany positions for 19 primary 
azimuth stars. We now hav(^ the nnains for deter- 
mining th(! azimuth for all strot(!hes where good groups 
12 liours apart w(‘re ()l)S{;rved, as we have Albany 
places for th(J azimuth stars, fundamental clock rates, 
and very nearly fundaimmtal chx^k corrections, l^or 
this purpose all stretches, where good 12'' groups 
(existed, were chosen and the azimuth cominited from 
the 19 primary azimuth stars alone. No south star 
was us(}d as is so commonly th(^ pra(!ti(u\ The formula 
for computing the azimuths is 



ac - Tr' - ATc' 
A' 



where ac = Albany derived apparent R. A.; Tr' - 
corrected transit; and APe ” computed clock correc- 
tion. 

Computing the value of a for each observation of 
the 19 primary azimuth stars, these values of a were 


a^) = 

or 

But 

hence 


ao - {Tr. -b dR) _ ao — Tr. _ dR 

A' A^ A^ 

dR , 

77 

A 

dR - sec z' sec 5' {efi + /gp) 


a’ 


dR 


, _ — sec z' sec b' (e/i 4- f/np) 

T' 


Aa' = 


Let us evaluate the above expression at the pole. 


Aa' at i)ol(^ 


— 3C(; z' of pol(^ X sec 5' pole (eg +/mp) 

sec 8' of pole X sin z' of polo 
— sec z' of pole X (cju -|- /pp) 


sin z' of pole 

= —secs' of pole x cosec z'o\ pole X(ep-l-/pp) 


For Albany, z' of polo = 312° 39'.2 


hence 

sec z' cosec z' - —2.007 
or 

Aa' = — sec z' cosec z' (ep +/jitp) == +2.007 (ep + /pp) 


Corrected Transit = Observed Transit + A'ao + dR 
= Tr' + A'a' + A'Aa' + dR 
= Tr' + A'a' + sec 5' sin z' X 2.007 (ep +/pp) 
+ sec 8' sec z' {ep + /pp) 

= Tr' + A'a' + sec 8' (+2.007 sin z' + sec z') X 
(ep +/pp) 
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whence, putting P. G. C. R. A. - True or Corrected 
Transit 

PGC — {Tr' + AV) = sec 6'(2.007 sin 2 ' + sec z') X 

{efi + fnp) 
substituting 

P' = sec P (2.007 sin z' + sec z') (14) 

then 

eF'fi + /FVp (15) 


ttc = Apparent predicted R. A. of P. G. C. 
ao = Apparent observed R. A. of Albany obser- 
vations 

APo == Observed clock correction 
APc - Computed clock correction 
APt = True clock correction 
Aa« =: a sin a + 5 cos a + c sin 2a + d cos 2a 
Aas = Correction to P. G, €. depending on 5 
dR - Differential refraction 
{B — W) = Difference in transit times depending on 
whether observed Clamp East or Clamp 
West 


which is the formula used for the 22 stretches employed 
in this preliminary investigation. 

Taking into account the second order terms 

F" = sec (4-2.0017 sin z* 4" sec z' —.00116 sec®?') 

and 

w = dP = eF"ix + /P'Vp (16) 

or, taking into account the conclusions arrived at in 
Part I where we derived an expression for p, the above 
equation becomes 

dR = eP'V -h P"ju [a sin (a - 0) 4- 5 cos (a - 0) 

4- c sin 2 (a — 0) + d cos 2 (a — G) ] (17) 


As stated earlier, I shall assume that the clock runs 
perfectly until forced, by the observations, to conclude 
otherwise. As stated in the zenith distance discus- 
sion, dR is probably more erratic than all the others, so 
should be evaluated first. The term F'pp is nearly 
equal but of opposite signs 12 hours apart; this is 
only approximately true, but the fact that it is partly 
true has helped to minimize its effect in our first 
approximate clock corrections. The effect of dR upon 
the 24’^ clock rates is practically nil as dR is very 
nearly the same for the same star observed 24 hours 
apart. 

Now predicted 4- P* G. C. Corrections = Ob- 
served ao 4” its corrections. 


where 0 = apparent R. A. of the Sun. 

Lot us now proceed to develop the general theory of 
cloc.k corrections, of systematic errors of instrument 
and of P. G. C. 

Lot us put 


ac -i" Aa« Aasa 4 Aaa = ao 4 dR 4 (P ” W) 4 ATt 
etc ao = AjPo = dR 4 (F IF) 4 ATt — Aaa 

— Aa 2 a — Aaa 

For investigation, we will consider a star has been 
observed every 6 hours, and we will mark them D for 
daylight illumination, and N for artificial illumination. 


1 ATo = ATt 4 dR 4 (F — IF) - Aa« 0*^ - Aaj. 0^ - Aas D 

2 ATo 6^ = ATr 4 dR 4 (F — IF) - Aa. 6'^ - Aaa* 6^ - Aas N 

3 ATo 12‘* = ATt 4 dR 4 (E — IF) - Aa« 12’^ - Aaa* 12^^ - Aaz N 

4 ATo 18’‘ = ATr 4 dR 4 (R — IF) - Aa« 18^ - Aaaa 18'^ - Aai N 

5 ATo 0^' = ATr 4 dR 4 (R — IF) - Aa« - Aa 2 « 0^^ - Aas D 


6 ATo 6*^ = ATt 4 dRo 4 (R — F) - 0.0 Aa« - 1.0 Aa^a 0^ - Aas for {N and D) 

7 ATo 1T‘ = ATr 4 dRo 4 (R — F) - 0.0 Aa« - 1.0 Aa 2 « - Aas for {N and N) 

8 ATo 18*^ = ATt 4 dRo 4 (R — F) - 0.0 Aa« - 1.0 Aoaa 12** - Aas for (JV and D) 

9 ATo 9*^ = ATt 4 dRo 4 (R — F) - 0.0 Aaa - 0.0 Aa 2 « - Aas 

10 ATo 15**^ = ATt 4 dRo 4 (R — F) — 0.0 Aaa — 0.0 Aa 2 a Aas 

11 ATo 12^ * ATt 4 dRo 4 (R “ F) - 0.0 Aaa - 0.0 Aa 2 a - Aas 

12 ATo 12^- = ATt 4 dRo 4 (R — F) - 0.0 Aaa - 1.0 Aa 2 a Oh - Aas {N and D) 


(1 4 3) 

K (2 4 4) \ ^ 
(3 4 ■ 5) ) ^ 

K (6 4 7) I • 
M (7 4 8) \ 

(9 4 10) I 
I (6 4 8)/ 
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If we asaume that these observations 6 hours apart 
were made on stars of the same declination, then 
equation (11 A) holds true absolutely, since we have 
assumed {E — W) to be the Aas of the Albany observa- 
tions. dEo is the mean dR in each step and since dR 
is of a diurnal nature, the final value of dRa should be 
quite free from/F'/ipj the eFfx will be of the nature 
of a constant. So by observing the 6^^ groups, we 
have 

A To 12^ = ATt -f a constant (18) 

Hence our error in assuming A To for 12*^ = ATt in a 
first approximation from 6^ groups is in error by 
dR {E — W) — Aaa and if we knew these values 
and could correct for them, we would have ATo for 
12^‘ = ATt. This is a very important point and 
should be borne in mind. 

However, as in the Albany observations no attempt 
was made to get the 6*' groups, but only the 12** 
groups, let us sec what can be done. Referring to the 
second set of equations, seeing we have not the ATo 
for 6** and 18** in the first set, we have (6A) and (8A) 
giving (12 A), from which we see that the neglect of the 
intermediate 6h groups has introduced —1.0 Aaaa 0**, 
a term which many astronomers neglect. In the 
compilation of P. G. C. no attempt was made to free 
each catalogue of this term, only the more glaring 
cases were investigated and corrected for this term. 
So the introduction of this term into the value of ATo 
12** above is of minor consequence. Also, in consid- 
ering ATo it must be borne in mind that {E — W) and 
Aaa vary with the 5 and not with the R. A. So that 
we have, as terms depending on the time, dR and 
Aa 2 a. Thus we have as an approximate value for 


ATt, the value ATo = ATt -f dRo — Aoa* 0** and we 
have for rate, 24** rate = 24** rate free from all system- 
atic errors. We have thus, as it were, introduced a 
mean clock whose correction at the mean epoch is 
wrong by the dEo “ Aa 2 « of the stars employed but 
running at a uniform rate, and that rate is not only 
the true rate but representative of the observations. 
Hence, if we adopt the value of ATo as derived from 
the 12** groups and expand it by the 24** rates, we 
have a straight line to compare with whose only eiTor 
is a constant. We have a starting point for the in- 
vestigation of our observations. 

Experience has shown that the dR term is by far the 
most important, so, fpr each stretch of observing, we 
have evaluated this term first and corrected the 7^s 
for it, where 

n = P.G.C. a — (Obs’d corrd tr. -f- Expanded clock corrn). 

When n has been corrected for dR, we form n cos 5 
and call this n' and proceed to evaluate {E — W) and 
Aas. We have eliminated the atmospheric error, so 
we must look to the other three sources of error for 
an explanation of these two terms. We know P. (?. C. 
cannot effect the observations but does introduce a 
correction Aas. We have an expression for the clock 
behavior. This leaves the telescope £is the only 
source of error not, as yet, investigated. Let us con- 
sider {E — W) as the Aas of our observations and 
caused by the telescope, an assumption which I have 
found to be very satisfactory and to remove the small 
difference found between observations clamp E and 
observations clamp W. 

+ Aa' a of Obsd a Cl P 


Let us put 


P. G. C. a + Aaa - Obsd a CM E 

P. G. C. a -h Aaa = Obsd a CM W + Aa^'a of Obsd a Cl W • 

P. c;. C. a - Obsd a Cl E - -Aaa + Aa' a Obsd a Cl P = n'^ 

P. (?. C. a - Obsd a Cl W = -Aaa + Aa^a Obsd a Cl W « 


From whicli w'k n' 


W 


— Aaa + 


Aa'a Obsd a Cl E -h Aa"a Obsd a Cl W 


n'u — n'w 


Aa'a OV)sd a Cl E - Aa"8 Obsd a Cl W 


If tiie pivots were uiuHiual, it would produce an 
effect which would bo of opposite sign in the two 
clamps. Any systematic error in the determination of 
level would change sign with the clamp and a system- 
atic error in azimuth due to instrument would change 
sign with clamp, if we use south S. D. for clamp E and 
north Z. D. for clamp W, which amounts to always 
using the actual zenith distance as read on Circle A. 

Then in the above we would have 
Aa'a Obsd a Cl E S.Z.D.* -Aa"a Obsd a Cl W N.Z.D. 


and we can use 

(/ sin « h cos z « Aa' a Obsd a Cl E S. Z. D. 

—(7 sin 2 ! — cos z = Aa"a Obsd a Cl W N. Z. D. 

and if, when wo combine n'z and n'y,, we combine 
according to same star or same declination 

n'n A I fif sin ^ cos 25 — sin 2— /i. cos 2! 

2 + 2 

= —Aaa 


( 19 ) 
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— n'w _ fif sin 2 ! + cos 2 + fif sin 2 + A cos 2 
2 2 

= fif sin 2 + /i cos 2 (20) 

This gives perfect elimination as between the Aas of 
P, G. C. and the Aa's of the observations. As will be 
seen,, due to the reversal of direction for stars observed 
below pole, after n'e •“ has been formed, the 
signs of all values below pole should be changed before 
solving for (P — W) — g sim h cos 2 . This re- 
versal applies to {E — W) because it is instrumental 
and does not apply to Aas. For Aas, a curve was 
drawn. Combining {E — W) and A as from the 
curve, n/ was corrected for these two; that is, the 
individual n’s and not the group values were corrected 
giving n". 

The n”’s were then collected in hourly groups and 
solved for Aa«. 

— Aaa a sin a + 6 cos a + c sin 2a + d cos 2a (21) 

By solving the Aa«, using n times cos 5, we can com" 
pare the values of this quantity as derived from the 
zones below pole only, pole to zenith, and zenith to 
73° S. Z. D., and from all. Using n cos 5 in place of 
n will not materially affect the value determined from 
the so called clock belt, from which belt this term is 
generally determined. 

By means of the several methods just explained, we 
are now able to revise our value of A To 12^^, and obtain 
a value of clock correction at mean epoch which vull 
differ from absolute clock correction ATt by a van- 
ishing quantity. Doing this, a second approximation 
should be made as for first approximation. However, 
in this second approximation we have the means for 
correcting the ri's for all systematic corrections except 
the particular one under investigation. Working thus 
in a spiral, our second approximation should give us 
definitive values for all known svstematic corrections. 
Then, and only then can an examination of the clock 
itself be made, if evidence has appeared that it is not 
functioning uniformly. The Albany Riefier No. 218 
shows no material deviation from a straight line during 
the period of a single stretch, so once the systematic 
errors are evaluated, we have the means for reducing 
all our fundamental series and forming the Albany 
places for the P. G. C. stars used as fundamentals. 
Then, with our own places of these stars, we can 
extend them to the other series not observed fund- 
amentally and produce a catalogue of observed posi- 
tions of stars, based on Albany fundamental deter- 
minations and free from P. G. C., except that we have 



The preceding methods so briefly outlined indicate 
what I consider to be a “Fundamental Reduction” of 
a series of observations. From a study of the formuhe 
it will be readily understood that to contribute to the 
knowledge we already have of the positions of the 
principal stars, the observations must be so planned 
and made that we can eliminate certain errors and 
evaluate others. Observations morning, afternoon, 
and night must be made whenever the sky will permit; 
the meteorology must be studied so that we will have 
observations both north and south of the zenith at the 
critical times both morning and afternoon to enable 
us to evaluate dR; double transits of close circum- 
polars, good 12^" groups, and successive transits of the 
same stars are absolutely necessary, as well as special 
observations for determining {N — S), the magnitude 
correction, and the illumination correction. Above all, 
it is absolutely essential that the fundamental obsci’va- 
tions should be carried on for a short period, as a 
week, by one and the same observer in order that tlu^ 
continuity of the work may not be comphdely de- 
stroyed by the uncertainty of the corrections depend- 
ing on personal habits. That each observation in 
fundamental work should be complete, a measure of 
both R. A. and Deck is evidently required, for only ])y 
having complete observations can the important 
question of dR be studied. 

The methods of reduction outlined are strictly 
fundamental in declination, but for the right-ascen- 
sions no account has been taken of corrections, to th(‘ 
equinox. The reduced observations rest upon the 
system of right-ascensions employed, and arc subject 
to a correction for equinox which may be introduced 
at any subsequent time from a discussion of Sun 
observations. 

It is earnestly to be hoped that in the future fund- 
amental observing programs will be arranged according 
to the foregoing principles. The observed right- 
ascensions of the Sun depend upon clock corrections 
derived from the stellar observations. It is therefore' 
highly important that these corrections be detenniiKMl 
according to a rigorous method, taking into account all 
the sources of error involved. Likewise in declination 
account should be taken of the differential refraction, 
and an absolute zero point, in determining the declina- 
tion of the Sun. Only through the employment of 
such methods can we hope to arrive at a correct placing 
of the equinox. 

Until these principles have been incorporated in 
observing programs it is perhaps as well to base the 
reduction of current fundamental observations upon 
some existing fundamental system. 
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PART III 

Example 


By Isabella Lange 


In order to show dearly how many of the apparent 
in(?onsistencies in meridian observations disappear 
when they are reduced according to the methods out- 
lined in Part II, the detailed reduction of a single 
stretch of the Albany observations is here presented. 
The stretch including Series 784-7, June 28 — July 1, 
1916 was selected because of the enormous range of 
the diurnal term in right-ascension, as shown in Plate 
G and Table I, Part 1. 


Transits 

The observed transits, corrected for chronograph 
minus eye and ear, fixed minus micrometer wire, mag- 
nitude, pivot, collimation and level errors, are given in 
Column (2), Table L, in which the first line for each 
star corresponds to tlie first, and the second line to the 
second, of two consecutive transits. The dally clock 
rates are computed from the successive transits of 
clock stars by (11)*. 


(r - T") H- - Apj/') -h A\a' - «.") = 24*' rate 

T' = corrected transit, first day; T" = the same, 
second day; Ayr// — apparent place correction, first 
day; A/r//' = the same, second day; A' = azimuth 
factor. Assuming that the mire represents the changes 
in azimuth, tlu^ mir(^ first day minus the mire sec.ond 
day giv(‘s {a' — a"). The mean of thc^ computed daily 
rates for th(^ individual stars gives the first mean daily 
rale (liat(M), for the entire stretch frei^ from any 
fundaiiKuital catalogue. 

Using tlu^ inir(^ as a measures of the (;hang(^s in 
azimuth, and rat(‘i, the azimuth of the instrument, 
Table M), is obtained from double transits of 
circumpolar stars by (10). 

f/ = 

_ f") {a' - a'')-^{A pp'-A 'i)p'')A'{A'l''-^T'') 


A" - A' 


Similarly for a". 

Whtm these corrections (asO are subtracted from 
the mire (u-m) und the mean is taken we have the mean 
reading of mire amu. We then obtain the azimuth of 
the instrument interpolated by means of the mire 
(aj, Table N), by subtracting amo from the mire curves, 

*Ilefcrences are to formuliD in Part U. 




TABLE 

N 


784 


Mire 

ai 

02 

as 

h 

8 

8 

8 

8 

1 

-.669 

-.066 

1 

■ 

O 

-.090 

2 

-.678 

-.076 

-.048 

-.105 

3 

-.686 

-.083 

-.048 

-.113 

785 

13 

-.630 

-.027 

-.070 

-.060 

14 

-.639 

-.036 

-.081 

-.060 

15 

-.646 

-.043 

-.096 

-.073 

16 

-.649 

-.046 

-.106 

-.082 

17 

-.650 

-.047 

-.107 

-.081 

18 

-.647 

-.044 

-.102 

-.076 

19 

-.643 

-.040 

-.09.7 

-.070 

1 

-.659 

-.066 

-.064 

-.107 

2 

-.669 

-.056 

‘ -.059 

-.116 

3 

-.669 

-.056 

-.066 

-.120 

786 

9 

-.652 

-.049 

-.038 

-.048 

10 

-.648 

-.046 

-.036 

-.024 

11 

-.640 

-.037 

-.036 

-.025 

13 

-.623 

-.020 

-.034 

-.016 

14 

-.617 

-.014 

-.034 

-.014 

15 

-.614 

-.011 

-.036 

-.014 

16 

-.612 

-.009 

-.040 

-.017 

17 

-.612 

-.009 

-.046 

-.020 

18 

-.613 

-.010 

-.053 

-.026 

10 

-.616 

-.013 

-.069 

-.031 

20 

-.619 

-.016 

-.062 

-.036 

1 

-.656 

-.063 

+.004 

-.038 

2 

-.655 

-.052 

+.015 

-.040 

3 

-.650 

-.047 

■]“.022 

— .041 

4 

-.642 

-.039 

+.026 

-.040 

787 

13 

-.610 

-.007 

-.003 

+.015 

14 

-.598 

-I-.005 

-.010 

+.010 

15 

-.590 

+.013 

-.018 

+.003 

16 

-.590 

+.013 

-.030 

-.007 

17 

- .598 

+.005 

-.041 

-.016 

18 

-.616 

-.013 

-.061 

-.024 

19 

-.646 

-.042 

-.059 

-.032 


as curve from 
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TABLE R 

784 June 28, 1916 B. E. Observer S. A. 


Gorrd Ti *. 


h m 9 

8 

1 29 23.560 

37.019 

1 58 32.851 

46.164 

2 2 14.653 

28.018 

2 23 29.894 

43.247 

2 34 58.957 

72.216 

2 38 46.248 

68.479 

2 44 50.640 

63.924 

2 57 41.460 

54.816 



dBt n—dBi n—dBt n'—dRt 


3.469 

3.313 

3.365 


+ 13.410 +.059 +.002 
+ 13.412 -.099 -.018 
+ 13.412 -.047 -.024 
-.061 -.030 
-.155 -.034 
-.184 -.032 
-.131 -.022 
-.050 -.032 


gll] 

B! 


+.057 
-.081 
-.023 
-.071 -.031 
-.083 -.121 
-.080 -.152 
-.055 -.109 
-.081 -.018 +. 


n'—dRt 

p.a.c.i 

+.038 
-.076 
-.010 
-.006 
, -.088 

1 -.120 
-.092 
+.016 

+ 88 61 21.39 
+ 41 65 41.70 
+ 23 4 5.92 
+86 .... 
-02 .... 

+ 2 63 11.33 
+ 26 55 1.71 
+ 3 45 53.01 



785 June 29, 1916 B. E. Observer S. A. 


13 29 24.047 
13 37 1.514 
13 43 5.517 
13 44 3.290 
13 48 48.307 
13 60 30.429 

13 57 11.644 

14 1 56.339 
14 11 26,004 
14 14 23.348 


37.595 

14.925 

19.031 

16.816 

61.755 

43.963 

25.162 

69.916 

39.507 

36,840 


+ 13.548 

+ 13.411 

+ 13.514 

+ 13.526 

+ 13.448 

+ 13.634 

+ 13.518 

+ 13.577 

+ 13.503 

+ 13,492 


14 

17 

41.489 

54.909 

+ li 420 

14 

27 

31.210 

44.732 

+ 13.522 

14 

29 

48.926 

62.495 

+ 13.669 

14 

38 

27.626 

41.104 

+ 13.678 

14 

41 

8.643 

22.150 

+ 13.507 

14 

49 

7.902 

21.445 

+ 13.543 

14 

50 

46.276 

69,717 

+ 13.441 

15 

7 

15.863 

29.373 

+ 13.510 

15 

11 

49.026 

62.623 

+ 13.697 

15 

14 

51.212 

64.726 

+ 13.514 


15 30 57.623 
15 33 20.022 
15 39 57.619 
15 42 8.309 
15 45 4.054 
15 52 24.112 

15 53 36.468 

16 9 30.401 
16 13 42.617 
16 15 55.342 


16 18 2.597 
16 19 46.707 
16 22 24.696 
16 24 6.902 
16 26 26.318 


71.048 

33.531 

71.136 

21.904 

17.692 

37.659 

50.017 

43.877 

56.138 

68.892 


16.182 

60.474 

38.256 

19.442 

39.829 


+ 13.525 

+ 13.509 

+ 13.517 

+ 13.595 

+ 13.638 

+ 13.547 

+ 13.649 

+ 13.476 

+ 13.521 

+ 13.550 


+ 13 . 455 . 

+ 13.456 

+ 13.466 

+ 13.456 

+ 13.466 

+ 13.467 

+ 13.457 

+ 13.457 

+ 13.468 

+ 13.458 


+ 13.458 
+ 13.469 
+ 13.459 
+ 13.460 
+ 13.460 
+ 13.460 
+ 13.460 
+ 13.461 
+ 13.462 
+ 13.462 


, + 13.463 
+ 13.463 
+ 13.464 
+ 13,464 
+ 13.464 
+ 13.464 
+ 13.466 
+ 13.466 
+ 13.466 
+ 13.466 


+.093 

-.045 

+.058 

+.070 

-.008 

+.077 

+.061 

+.120 

+.045 

+.034 


-.038 

+.063 

+.110 

+.118 

+.047 

+.083 

-.019 

+.049 

+.136 

+.052 


+.062 

+.046 

+.053 

+.131 

+.074 

+.083 

+.084 

+.010 

+.055 

+.084 


-.002 

+.022 

+.014 

+.008 

+.005 

+.014 

+.018 

+.005 

+.021 

+.024 


+.077 

+.003 

-.012 

+.021 

+.012 

+.006 

+.003 

+.039 

-.021 

+.025 


+.013 

+.043 

+.018 

+.015 

+.021 

+.015 

+.038 

-.004 

+.022 

+.037 



+.119 

+. 

+.301 

+.' 

+.094 

+. 

+.073 

+. 

+.044 

+. 



-.003 
+ .031 
+.020 
+.012 
+.008 
+.020 
+.026 
+.008 
+.031 
+.036 


+.107 

+.004 

-.018 

+.031 

+.019 

+.010 

+.006 

+.045 

-.024 

+.029 


+.020 

+.066 

+.027 

+.024 

+.033 

+.024 

+.069 

-.006 

+.035 

+.059 


+• 

+• 

+. 

+. 

+. 


m 

m 

m 

m 

R! 


+.095 

-.067 

+.044 

+.062 

-.013 

+.063’ 

+.043 

+.116 

+.024 

+.010 


-.115 

+.060 

+.122 

+.097 

+.035 

+.077 

-.022 

+.010 

+.156 

+.027 


B! 


+.063 

+.068 


+.104 

+.298 

+.086 

+.035 

+.030 


+.096 

-.076 

+.038 

+.058 

-.016 

+.057 

+.035 

+.112 

+.014 

-.002 


-.145 

+.059 

+.128 

+.087 

+.028 

+.073 

-.024 

+.004 

+.159 

+.023 


B[ 

[ 1 ] 


+.080 + 91 8 38.69 
-.092 - 8 17 4.36 
+.022 + 17 52 20.44 
+.042 + 49 43 54.99 
-.032 + 65 8 18.59 
+.041 + 18 48 56.81 
+.019 + 1 56 47.72 
+.096 + 64 46 39.06 
-.002 - 5 36 17.35 
-.018 - 12 69 24.64 


-.161 - 39 8 9.81 
+.043 + 76 4 12.27 
+.112 +107 32 54.43 
+.071 - 5 17 62.73 
+.012 + 27 25 33.69 
+.057 + 59 38 6.99 
-.040 + 7429 57.53 
-.012 - 19 28 46.74 
+.143 +110 34 31.21 
+.007 + 2 4 44.16 


41 

59 

25 

16 

20 

>25 


+.095 

+.296 

+.082 

+.011 

+.021 


+.026 

-.036 

+.010 

+.091 

+.025 

+.043 

+.009 

.000 

+.004 

+.009 

+ 26 59 42.33 

- 29 30 27.09 
+ 6 41 10.75 
+ 15 40 64.23 

- 3 10 38.29 
+ 15 66 57.64 

- 25 52 40.06 
+ 94 40 0.03 

- 4 29 29.84 

- 25 23 46.67 

+.079 

+.280 

+.066 

-.005 

+.005 

+ 19 20 52.60 
+ 75 56 58.27 
+ 55 23 43.64 
- 26 16 1.97 
+ 21 40 13.21 
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Obad. Z. D. 


0 f n 

46 12 8.69 
369 16 24.55 
340 24 63.54 
326 26 .... 
317 19 .... 

320 13 58.63 
344 15 48.47 

321 6 40.11 


' 48 29 25.76 
309 3 41.13 
335 13 6.86 
7 4 41.92 
22 29 5.66 
330 9 43.69 
319 17 36.08 
22 7 26.31 


278 12 36.14 
33 24 59.09 
64. 63 40.69 
312 2 50.21 
344 40 20.57 
10 58 53.38 
31 50 44.45 
297 52 0.59 
07 55 17.90 
319 25 31.29 


344 20 29.62 
287 50 19.42 
324 1 57.31 ' 
333 1 41.48 
314 10 8.56 
333 16 44.78 
291 28 7.15 
62 0 46.87 
312 51 17.07 
291 57 0.23 


336 41 39.84 
33 ly 44.87 
12 44 30.23 
291 5 45.06 
339 0 59.64 


P.G.C. 

Z.D. 


ti 

8.46 

28.77 

62.99 


58.40 

48.78 

40.08 



25.66 

42.71 
7.51 

42.06 

5.66 

43.88 

34.79 

26.13 

29.72 
22.43 


37.26 

59.34 
41.50 

54.34 
20.76 
53.06 
44.60 

0.33 

18.28 

31.23 


8.78 

44.71 

7.02 

47.10 

17.23 

0.50 


39.67 

45.34 

30.71 

45.10 

60,28 


TABLE R 
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dRi CR’\' dR% 


nz 


tf 

.23 

+4.22 

1 • 

.55 

* t ■ 

• • 

• ■ ■ 

.23 

+ 

.31 

— 

.03 


.10 

+1.58 

+ 

.65 1 

+ 

,14 

+ 

.01 

+ 

.19 

— 

.29 

— 

,18 



+ 1.12 
+ .25 
+ .91 
-1.87 
+ .19 

- ,32 
+ .15 

- .26 

+ .32 
- 


- .22 
+ .56 
+ .51 
- .18 
+ .22 

- .07 

- .13 
+ .23 
+ .16 
+ .27 


- .17 
+ .47 
+ .48 
+ .04 
. + .64 




+ • 


- .05 

- .52 

- .12 

- .09 

- .17 

- .08 

- .42 

+ .20 

- .18 
- .41 


- .07 
+ .10 
+ .03 

- .43 

- .07 


- .55 
+4.15 

- .58 


- .23 
+ .27 

- .03 


~ .41. 
+4.22 
- .50 


- .40 
+ ,12 
+ .39 

- .18 


+ .05 

+ .10 

- .37 
+ .30 

- .17 


- .07 

- .73 

- .16 
- .12 
- .22 
- .12 
- .60 
+ .14 

- .23 

- .58 


- .10 
+ • 

+ . 


+2.21 
+ .15 
+ .59 
-1.69 
+ .23 
- .37 
+ .05 
+ .09 
+ .02 
+ .10 


- .17 
+ 1.08 
+ .63 

- .09 
+ .39 
+ .01 
+ .29 
+ .03 
+ .34 
+ .68 


- .10 
+ .37 
+ .45 
+ .47 
+ .71 


- .15 
+4.48 

- .24 


— .15 + .11 

+ .32 + .58 

+ .03 + .29 



0.983 

.979 

.978 

,976 

.974 

.974 

.973 

.971 


:968 

.968 

,968 

.968 

.969 

.969 


— 

.28 

— 

.02 

+ 

.24 

+ 

.50 

+ 

.62 

+ 

.88 

+ 1 

.52 

+ 1.78 

+ 

.13 

+ 

.39 

+ 

.52 

+ 

.78 

- 1 .69 

-1.43 

+ 

.23 

+ 

.49 

— 

.37 

— 

.11 

+ 

.05 

+ 

.31 

+ 

.11 

+ 

.37 

+ 

.02 

+ 

.28 

. + 

.11 

+ 

.37 


.15 ’ 

+ 

.11 

+ 1.20 

+1.55 

+ 

.67 

+ 

.93 

— 

.06 

+ 

.20 

+ 

.44 

+ 

.70 

+ 

.04 

+ 

.30 

+ 

.47 

+ 

.73 

+ 

.09 

+ 

.35 

+ 

.39 

+ 

.65 

+ 

.85 

+ 1.11 

— 

.07 

+ 

.19 

+ 

.40 

+ 

.66 

+ 

.47 

+ 

.73 

+, 

.66 

+ 

.92 

+ 

.73 

4* 

.99 


.970 

.971 

.971 

.971 

.972 

.972 

.972 

.973 

.973 

,973 


.976 

.976 

.976 

.976 

.976 

.977 

.978 

.978 


.826 

.825 

.825 

.825 

.825 

.825 

,825 

.825 



+ 

..33( 

+ 

.331 

+ 

.33( 

+ 

.33* 

+ 

.331 

4" 

.331 

+ 

.331 

+ 

.331 

+ 

.331 

+ 

.331 




.978 

.978 

.978 


+ .330 
+ .330 
+ .330 
+ .330 
+ .330 
+ .330 
+ .330 
+ .480 
+ .480 
+ .480 


+ .353 
+ .353 
+ ,353 
+ .353 
+ .353 
+ .353 
+ .353 
+ .353 
+ .353 
+ .353 


+ .353 
.+ .353 
+ .353 
+ .353 
+ .353 


,B/100 

m|p«* 

.59 

— 

.01 

t * 

.20 

4 4 • 

• • 

• « « 

.47 

— 

.16 

— 

.45 

+ 

.63 


.69 

— 

.26 

+ 

.07 

+ 

.23 


.25 

— 

.48 

* jl'p 

.23 


.63 

— 

.81 


-3.63 
+ .37 
+ 1.18 
- .62 

- .15 
+ .17 
+ .35 
-1.05 
+1.37 

- .48 


- .16 
-1.72 

- .41 

- .29 

- .58 

- .28 
-1.42 
+ .72 
- .61 
-1.38 


- .24 
+ .37 
+ .13 
-1.45 

- .22 




















DIFFERENTIAL REFRACTION IN POSITIONAL ASTRONOMY 


Corrd Tr . 

P.Q.C.a 

h m a 

B 

16 27 58.354 

71.908 

16 30 29.747 

43.286 

16 32 22.174 

35.711 

16 48 5.184 

18.775 

16 54 23.051 

36.582 

17 118.856 

32.454 

17 5 24.062 

37.590 

17 8 51.120 

64.580 

17 10 38.951 

52.507 

17 11 24.690 

38.246 

17 30 52.061 

65.651 

17 32 37.089 

50.637 

17 42 7.306 

20.824 

17 59 14.732 

28.086 

18 8 35.128 

48.700 



18 16 48.045 
1 29 24.576 
1 48 5.883 
1 49 48.406 

1 58 32.756 

2 214.584 
2 38 45.085 
2 44 50.472 
2 57 41.375 


61.607 

38.157 

19.380 

61.817 

46.203 

28.051 

58.507 

63.956 

54.843 


+ 13.564 

+ 13.538 

+ 13.537 

+ 13.691 

+ 13.531 


+ 13.628 

+ 13.460 


+ 13.548 

+ 13.518 

+ 13.354 


13.562 

13.581 

13.497 


+ 13.467 

+ 13.467 

+ 13.467 

+ 13.468 

+ 13.469 


+ 13.469 

+ 13.470 

+ 13.470 

+ 13.470 


+ 13.471 

+ 13.472 

+ 13.473 


+.087 

+.071 

+.070 

+.123 

" 1“.062 


29 

'59 

10 

i86 

i86 

19 


- 1“.088 “ h * 


[ 


+.005 

+.041 

+.024 

+.016 

“ 1“.001 


+ 13.422 
+ 13.484 
+ 13.468 


+ 13.606 
+ 13.506 
+ 13.507 


+.008 

+.067 

+.040 

+.026 

+.002 


+.028 

+.048 

+.068 

+.028 

+.024 

+.029 

+.049 

+.073 

-.001 

+.059 





n—dRi n—dRi 


+ .082 
+ .030 
+.046 
+ .107 
+.061 


+• 

+. 
-.049 
+.070 
+.072 
+.103 
+.049 
+.005 
-.119 
+.067 




+.101 
+.011 
-.078 
+.058 
+.062 
+.090 
+.028 
-.027 
-.118 
+.040 


'-dR, 


+.063 

-.012 

+.014 

+.081 

+.044 


+.086 

-.005 

-.094 

+.042 

+.046 

+.074 

+.012 

-.043 

-.134 

+.024 



P.O.C.i 


o / // 

+ 68 66 59.73 

- 28 2 47.87 

- 10 24 3.20 
+ 15 6 45.83 
+ 82 10 38.28 


+ 12 51 13.69 

- 15 37 27.62 

- 26 53 16.43 
+ 14 29 1.98 
+ 24 66 11.15 
+ 12 37 8.84 

- 15 20 54.62 

- 27 48 6.26 
+ 86 36 49.76 

- 21 4 57.90 




2 

65 

20.07 

+ 

88 

51 

21.41 

+ 

29 

10 

19.82 

+ 

20 

24 

2.50 

+ 

41 

55 

41.83 

+ 

23 

4 

. * • ■ 

+ 

2 

53 

1 1 .54 

" 1 ^ 

26 

55 

1.82 

+ 

3 

45 

53.21 


June 30, 1916 B. E. Observer S. A. 


9 40 53.537 
9 47 47.724 

10 3 42.281 

10 11 49.626 
13 29 25.108 
13 43 ' 5.428 
13 48 48.122 

13 67 11.176 

14 1 56.191 
14 8 14.231 


14 11 25.936 
14 14 23.253 
14 28 31.054 
14 30 50.747 
14 36 32.061 
14 36 67.654 
14 38 21.006 
14 41 49.697 
14 44 15.544 
14 52 2.231 


14 56 18.671 
14 68 58.990 


67.004 

61.218 

56.799 

63.218 

38.698 

19.020 

61.714 

24.823 

69.877 

27.818 


39.499 

36.832 

44.712 

64.382 

45.632 

71.280 

34.497 

63.199 

29.331 

15.783 


32,242 

72.589 


+ 13.467 

+ 13.494 

+ 13.518 

+ 13.592 

+ 13.590 

+ 13.692 

+ 13.592 

+ 13.647 

+ 13.686 

+ 13.687 



+ 13.658 

+ 13.636 

+ 13.571 

+ 13.626 

+ 13.491 

+ 13.602 

+ 13.787 

+ 13.552 



+ 13.532 

+ 13.532 

+ 13.533 

+ 13.634 

+ 13.647 

+ 13.548 

+ 13.648 

+ 13.649 

+ 13.649 

+ 13.549 


+ 13.650 

+ 13.550 

+ 13.660 

+ 13.561 

+ 13.551 

+ 13.651 

+ 13.561 

+ 13.561 

+ 13.551 

+ 13.552 


+ 13.652 

+ 13.662 


-.065 
-.038 
-.015 
+.058 
+.043 
+.044 
+.044 
” 1".098 
+.137 
+ .038 


+.013 
+ .029 
+.108 
+.084 
+.020 
+ .076 
-.060 
+.061 
+ .236 
.000 


+.019 

+.047 


-.002 

-.002 

-.002 

-.002 

-.004 

+.029 

+.011 

+.025 

+.011 

+.048 


+.044 

+.051 

+.021 

+.023 

+.018 

+.029 

+.107 

+.035 

-.032 

+.046 


+.043 

+.067 


-.001 

.000 

+.003 

+.004 

-.003 

+.020 

+.007 

+.018 

+.008 

+.033 


+.031 

+.036 

+.015 

+.018 

+.014 

+.022 

+.082 

+.027 

-.025 

+.036 


+. 

+. 


- .063 
-.036 
-.013 
+.060 
+ .047 
+.015 
+ .033 
+ .073 
+ .126 
-.010 


-.031 
-.022 
+.087 
+.061 
+ .002 
+.046 
-.167 
+.016 
+.268 
-.046 


-.024 

-.020 


-.064 
-.038 
-.018 
+.054 
+.046 
+ . 024 
+.037 
+ .080 
+.129 
+.005 


+.093 


+.261 


-.080 
-.054 
-.034 
+.038 
+ .030 
+.008 
+.021 
+.004 
+.113 
-.011 


-.034 

-.023 

+.077 

+.050 

-.010 

+.037 

-.158 

+.008 

+.245 

-.052 



+ 24 
+ 26 
+ 12 
+ 23 
+ 91 
+ 17 
+ 05 
+ 27 
+ ()4 
- () 


- 5 

- 12 
+ 38 
+ 30 
+ 44 
+ 14 

- 34 
+ 2 
+ 111 

- 11 


- 8 
- 24 


9 37.76 

21 7.65 

22 33.93 
50 6.11 

8 38.56 

52 20.51 
8 18.65 

47 24.29 
46 39.12 

53 17.71 


36 17.31 
59 24.63 
40 27.37 
6 28 . 7 1 
45 57.92 
5 7.13 
49 9.73 
11 33.10 
27 31.65 
4 33.65 


11 26.29 
57 29,61 
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Obsd Z . D . 

P . O . C . 

Z . D . 


CR dR \ 

OR dR ^ 

n ' 

n " 

n "' 


P 

72/100 

0 / / / 

it 

n 


it 


tt 

it 

it 

ft 




26 17 47.03 

46.80 

- .23 

+ 

.07 

+ 

.05 

- .30 

- .28 

- .02 

.978 

+ .353 

+ .28 

289 17 59.05 

59,20 

“ i “ .15 

— 

.48 

— 

.68 

+ .63 

+ .83 

+ 1.09 

.979 

+ .353 

- 1.59 

306 56 43.51 

43.87 

+ .36 

— 

.22 

— 

.29 

+ .58 

+ .65 

+ .91 

.979 

+ .353 

- .75 

332 27 33.36 

32.90 

~ .45 

— 

.09 

— 

.11 

- .36 

- .34 

- .08 

.980 

+ .353 

- .29 

39 31 27.97 

25.35 

- 2.62 

+ 

.12 

+ 

.10 

- 2.74 

- 2.72 

- 2.46 

.980 

+ ,353 

• + .46 

330 12 1.16 

0.76 

- .40 

— 

.10 



- .30 

- .28 

- .02 

.980 

+ ,353 

- .32 

301 43 19.68 

19.46 

- .23 . 

— 

.27 



+ .04 

+ .10 

+ ,36 

.981 

+ .353 

- .91 

290 27 31.33 

31.64 

+ .31 1 

— 

.45 



+ .76 

+ .88 

+ 1.14 

,981 

+ .353 

- 1.60 

331 49 49.38 

49.05 

- .33 

— 

.09 

— 

.11 

- .24 

- .22 

+ .04 

.981 

+ .353 

- .30 

342 16 58.17 

58.22 

+ .05 


.05 

■ — 

.07 

+ .10 

+ .12 

+ ,38 

.981 

+ .363 

- .18 

329 57 56.07 

55.91 

- .16 

— 

.10 

— 

.11 

- .06 

- .05 

+ .21 

.982 

+ .353 

- .33 

301 59 51.97 

52.45 

+ .48 

— 

.27 

— 

.30 

+ .75 

+ .78 

+ 1.04 

.982 

+ .353 

- .90 

289 32 41.05 

40,81 

- .24 

— 

.48 

— 

.51 

+ .24 

+ .27 

+ .63 

.983 

+ .353 

- 1.58 

43 57 36.24 

36.83 

+ .59 

+ 

.15 

+ 

.17 

+ .44 

+ .42 

+ .68 

.984 

+ .353 

+ .65 

296 15 49.97 

49.17 

- .80 

— 

.34 

— 

.31 

- .46 

- .49 

- .23 

.984 

+ .353 

- 1.14 

314 25 26.14 

27.00 

+ .86 

— 

.17 

— 

.15 

+ 1.03 

+ 1.01 

+ 1.27 

,985 

+ .353 

- .58 

46 12 8.85 

8.48 

- .37 

+ 

.30 

+ 

.18 

- .67 

— .55 

- .29 

.983 

- .672 

+ .59 

346 31 7.47 

6.89 

- .58 

+ 

.03 

— 

.03 

- .61 

- .55 

- .29 

.981 

- .672 

- .14 

337 44 60.40 

49.63 

- .77 

+ 

.01 

— 

.00 

- .78 

- .71 

- .45 

.981 

- .672 

- .23 

359 16 29.35 

28.90 

- .45 

+ 

.06 

+ 

.01 

- .51 

- .46 

- .20 

.980 

- .672 

- .01 

340 25 .... 

• t t • 


* 


, , 

• f • 

• t ■ . I 


t • • 4 > 

.979 

- .672 

***** 

320 13 57.90 

58.61 

+ .71 

— 

.08 

— 

.09 

+ .79 

+ .80 

+ 1.06 

.976 

- .192 


344 15 48.09 

48.89 

+ .20 

— 

.01 

— 

.01 

+ .21 

+ .21 

+ .47 

.976 

- .192 


321 6 41.68 

40.28 

- 1.40 

— 


— 

.06 

- 1.33 

- 1.34 

- 1.08 

.975 

- .192 
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341 30 22.88 

24.83 

+ 1.95 

— 

.02 

+ 

.30 

+ 1.97 

+ 1.65 

+ 1.91 

.952 

- .136 

- .18 

343 44 53.71 

54.72 

+ 1.01 

— 

.01 

+ 

.29 

+ 1.02 

+ .72 

+ .98 

.952 

- . 1.36 

- .16 

329 43 22.42 

21.00 

- 1.42 

— 

.05 

+ 

.31 

- 1.37 

- 1 .73 

- 1 .47 

.952 

- .136 

- .32 

341 10 53.32 

53.18 

- .14 

— 

.02 

+ 

.28 

- .12 

- ,42 

- .16 

.951 

- .130 

- .19 

48 29 25.77 

25.63 

- .14 


.10 

+ 

.33 

- .24 

- .47 

- .21 

.960 

+ .788 

+ .62 

335 13 8.71 

7.58 

- 1.13 

— 

.11 

— 

.02 

- 1.02 

- 1.11 

- .85 

.902 

+ .788 

- .26 

22 29 . 5.35 

5.72 

+ .37 

+ 

.03 

+ 

.12 

+ .34 

+ .25 

+ .51 

,962 

+ .788 

+ .23 

345 8 12.64 

1 1 .36 

- 1.28 

— 

.08 

— 

.00 

- 1.20 

- 1.28 

- 1.02 

.964 

+ .788 

- .15 

22 7 25.92 

26.19 . 

+ .27 

+ 

.03 

+ 

.11 

- f - .24 

+ .16 

+ .42 

.964 

+ .788 

+ .23 

307 27 30.36 

29.36 

- 1,00 

— 

.20 

-- 

,14 

- .71 

- .86 

- .()0 

.905 

+ .788 

- .72 

311 44 30.09 

29.76 

- .33 ” 

— 

. 2.5 

— 

.13 

- .08 

- .20 

+ .06 

.966 

+ .788 

- .62 

304 2 1 22.84 

22.44 

- .40 

— 

.33 

— 

.17 

- .07 

- .23 

+ .03 

.966 

+ .788 

- .81 

356 1 14.98 

14.44 

- .54 

— 

.04 


.00 

- .50 

- .54 

- .28 

.968 

+ .788 

- .04 

347 27 15.87 

1 5.78 

- .09 

— 

.06 


.02 

- .03 

- .07 

+ .19 

.968 

+ .725 

- .12 

2 0 45.84 

44.99 

- .85 

— 

.02 

+ 

.01 

- .83 

- .80 

- .60 

.969 

+ .725 

+ .02 

331 25 54.00 

54.20 

+ .20 

— 

.12 

— 

.08 

+ .32 

+ .28 

+ .54 

.969 

+ .725 

■ - .30 

282 31 38.15 

37.34 

- .81 

— 

1.23 

— 

.63 

+ .42 

- .18 

+ .08 

.969 

+ .726 

- 2.44 

319 35 21.42 

20.17 

- 1.25 

— 

.18 

— 

.13 

- 1.07 

- 1.12 

- .86 

.970 

+ .726 

- .47 

08 48 18.22 

18.72 

+ .50 

+ 

.20 

+ 

.43 

+ .30 

+ .07 

+ .33 

.970 

+ .726 

+ 1.43 

306 10 14.60 

13.42 

- 1.18 

— 

.29 

— 

.24 

- .89 

- .94 

- .68 

.971 

+ .725 

- .76 

309 9 21.83 



— 

.26 

— 

.22 

|BQ| 

- .83 

- .57 

.971 

+ . 72 ^ 

- .69 

292 23 18.19 

msm 


— 

.57 

— 

.44 

IBIIIISi 

- .29 

- .03 

.972 

+ .725 

- 1.35 
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Cored Tr. 


5 7 15.796 
5 9 24.436 
5 12 18.910 
5 23 21.007 
5 24 11.420 


15 39 57.508 
15 44 47.124 
15 46 27.437 

15 62 24.000 

16 53 56.119 
16 55 12.176 
16 0 23.258 
16 9 30.517 
16 13 42.561 
16 26 26.207 


16 53 31.386 
16 67 38.623 

16 69 8.666 

17 118.792 
17 6 23.986 
17 8 22.082 
17 10 38.830 
17 1 1 24.597 
17 16 41.715 
17 22 10.787 


7 

24 

20.186 

7 

26 

8.058 

7 

28 

21.578 

7 

30 

51.990 

7 

32 

37.011 

7 

43 

0.000 

7 

59 

14,608 

8 

3 

11.955 

8 

16 

47.982 



ATo 

1 

29!368 

37.981 

32.503 

OA er\o 

+ 13 ! s 73 

+ 13.545 

+ 13.593 

1 .to eoc 



Dk 

m 

im\ 


71.132 

60.753 

41.060 

37.655 

69.761 

25.728 

36.863 

44.109 

56.138 

39.825 


45.019 

52.247 

22.250 

32.455 

37.694 

35.840 

52.507 

38.245 

55.305 

24.446 


33.862 

21.693 

35.319 

65.654 

50.643 

13.592 


18 

25 

26.453 

18 

48 

55.384 

19 

1 

18.918 

19 

3 

55.247 

19 

10 

14.485 

19 

13 

42,413 

19 

13 

16.940 

19 

21 

5.906 

19 

25 

2.352 

19 

27 

9.768 


39.030 

69.109 

32.691 

68.422 

27.931 

56.006 




. 3.646 

. 3.691 

. 3.630 

. 3.567 
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+ .619 


308 10 7.211 

0.33 

- .87 

- .25 

- .24 

- .02 

- .63 

- .37 

.960 

+ .619 

BE9 

28(1 40 50.00 

. 50.21 

4 - .15 

- 1.31 

- 1.10 

+ 1.46 

+ 1.31 

+ 1..57 

.960 

+ .619 

- 2.79 

29 28 40.87 

40.94 

+ .07 

4 - .06 

+ .07 

4 “ .01 

.00 

+ .26 

0.961 

+ .619 

+ .31 

340 44 22.05 

22.71 

+ .00 

- .06 

- .06 

+ .12 

+ .12 

+ .38 

.961 

+ .619 

~ *13 

344 20 30.05 

29.70 

- .35 

- .07 

- .07 

- .28 

- .28 

- .02 

.962 

+ .619 

- .16 

301 50 10.87 

9.92 

- .95 

- .32 

- .34 

- .63 

- .61 

- .35 

.963 

+ .619 

— *89 

314 10 8.81 

8.89 

4 ~ .08 


- .22 

+ .30 

+ .30 

+ .56 

.963 

+ 1.166 

- .57 

322 4 23.79 

24.21 

4 " .42 


- .16 

+ .63 

+ .58 

+ .84 

.963 

+ 1.166 

*43 

70 28 55.49 

55.83 

+ .34 


+ .28 

+ .67 

+ .06 

+ .32 

.964 

+ 1.166 

+ 2.25 

291 28 7 . 39 _ 

0.92 

- .47 

- .81 

- .59 

4 " .34 

+ .12 

+ .38 

.965 

+ 1.166 

- 1.40 
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Gorrd Tr . 

p.a.c.. 





(IRi 

n—dRi 

n-'dRi 

n'—diti 

P.G.C., 

h iQ a 

15 55 20.617 

40.365 

■ 

+13.738 

+13.647 

+.091 

+ .080 

+ .043 

+.011 

+.048 

+.032 

0 / // 

- 16 17 27.14 

16 0 23.203 

36.862 

+13.659 

+13.647 

+.012 

+.087 

+.047 

-.075 

-.035 

-.061 

- 19 34 60.02 

16 9 30.219 

44.325 

+ 14.106 

+13.648 

+.458 

-.011 

-.006 

+.469 

+.464 

+.448 

+ 94 40 0.37 

16 6 56.844 

70.634 

+13.690 

+ 13.647 

+.043 

+ .086 

+.047 

-.043 

-.004 

-.020 

- 19 14 50.10 

16 9 46.401 

60.119 

+13,718 

+ 13.648 

+.070 

+ .061 

+.033 

+.009 

+.037 

+.021 

- 3 28 65.05 

16 13 42.462 

56.138 

+13.676 

+13.648 

+.028 

+.062 

+.034 

-.034 

-.006 

-.022 

- 4 29 29.73 

16 26 26.114 

39.824 

+13.710 

+ 13.640 

+.061 

+ .012 

+.023 

+.049 

+.038 

+.022 

+ 21 40 13.55 

16 36 33.062 

46.742 

+13.680 

+13.649 

+.031 

+ .023 

+.047 


-.016 

-.032 

- 17 35 1.49 

16 40 48.011 

61.083 

+ 13.672 

+13.650 

+.022 

- .043 


+.065 

+.109 

+.093 

+123 23 24.71 

16 54 22.585 

36.385 

+ 13.800 

+13.651 

+.149 

+.001 • 

masm 

+.148 

+.147 

+.131 

+ 82 10 38.78 

17 6 23.958 

37.598 

+13.640 

+13.651 

-.011 

+ .022 


-.033 

-.058 

-.074 

- 15 37 27.60 

17 10 38.794 

52.511 

+13.717 

+13.652 

+.066 

+ .013 


+.052 

+ .038 

+.022 

+ 14 29 2.30 

17 11 24.652 

38.245 

+13.693 

+13.652 

+.041 

+.011 



+.018 

+.002 

+ 24 66 11.55 

17 18 41.616 

55,311 

+13.695 

+13.652 

+.043 

+ .030 

IH 

+.013 

-.020 

-.036 

- 24 55 9.23 

17 21 4.079 

18.642 

+13.063 

+13.652 

+.011 

+.030 

Hill 

-.019 

-.052 

-.068 ' 

- 24 6 5.39 

17 22 10.735 

24.449 

+13.714 

+13.6.52 

+.062 

+.015 


+.047 

+.030 

+.014 1 

+ 4 12 39.79 

17 38 54.893 ' 

68.695 

+13.802 

+13.653 1 

+.149 

-.021 

-.045 


+ . 1 94 

+.178 

+ 116 .53 52.44 

17 30 51.925 

05.660 

+13.735 

+13.653 1 

+.082 

+.013 

+ .028 


+.054 

+.038 

+ 12 37 9.16 

17 39 9.323 

23.047 

+13.724 

+ 13.654 ' 

+.070 

+.015 

+ .033 


+ .037 

+.021 

+ 4 36 1.19 

17 42 59.906 

73.594 

+13.688 

+ 13.664 ' 

+.034 

+ .011 

+.023 

+.023 

+ .011 

-.005 

+ 27 46 6.17 

17 43 30.837 

4-4.545 

+13.708 

+13.654 

+.054 

+.016 

+.034 

+.038 

+.020 

+.004 

+ 2 44 12.69 

17 47 14.189 

27.997 

+ 13;808 

+ 13.664 

+.164 


-.067 

+.184 

+.221 

+.205 

+120 7 43.43 

17 69 14.319 

27.790 

+13.471 

+13.665 

-.184 


-.001 

-.184 

-.183 

-.199 

+ 86 36 50, 

18 3 11.898 

25.656 

+13.768 

+13.856 



+.031 

+.089 

+.072 

+.056 

+ 9 33 1.60 

18 16 47.860 

61.026 

+13.766 

+13.656 

BinBi 


+.038 

+.093 

+.072 

+.056 

- 2 55 19.86 


TABLE M 
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Obscl Z. D. 

P . G . C . 

Z.D. 


CR + dRi 

CR^’dRi 

n ' 

n " 

n "' 


P 

R/m 

0 f tf 

301 3 20.84 

19.93 

ft 

“ .91 

ft 

- .47 

ft 

- .36 

ft 

- .44 

ff 

- .55 

// 

- .29 

.966 


- .92 

297 45 57.79 

57.05 

- .74 

- .56 

- .42 

- .18 

- .32 

- .06 

.966 


- 1.06 

52 0 47.28 

47.44 

+ .16 

+ .05 

+ .14 

+ .11 

+ .02 

+ .28 

.968 

+ 1.166 

+ .71 

298 6 57.30 

66.97 

- .33 

- .55 

- .42 

+ .22 

+ .09 

+ .35 

.967 

+ 1.166 

- 1.04 

313 51 52.36 

52.02 

- .34 

- .28 

- .22 

- .06 

- .12 

+ .14 

.968 

+ 1.166 

- .58 

312 51 18.76 

17.34 

^ 1.42 

- .29 

- .23 

- 1.13 

- 1.19 

- .93 

.969 

+ 1.166 

- .60 

339 1 0.53 

0.62 


- .06 

- .09 

+ .16 

+ .18 

+ .44 

.970 

+ .273 

- .21 

299 45 45.32 

45.58 


- .27 

- .38 

+ .53 

+ .64 

+ .90 

.971 

+ .273 

- .97 

80 44 12.90 

11.78 


+ .99 

+ .19 

- 2.11 

- 1.31 

- 1.05 

.971 

+ .273 

+ 3.26 

39 31 25.64 

25.85 

+ .21 

+ .13 

+ .10 

+ .08 

+ .11 

+ .37 

.972 

+ .273 

+ .46 

301 43 19.58 

19.47 

- .11 

- .25 

- .33 

+ .14 

+ .22 

+ .48 

.972 

+ .273 

- .90 

331 49 49.71 

49.37 

- .34 

- .08 

- .11 

- .26 

- .23 

+ .03 

. 972 - 

+ .273 

- .30 

342 16 58.94 

1 

58.62 

.32 

- .05 

- .07 

- .27 

1 

- .25 

+ .01 

.972 

+ .273 

- .18 

292 25 36.84 

37.84 

+ 1.00 

- .37 

- .51 

+ 1.37 

+ 1.51 

+ 1.77 

.973 

+ .273 

- 1.36 

293 14 41.98 

41.68 

- .30 

- .35 

- .47 

+ .05 1 

+ .17 

+ .43 

.973 

+ .273 

- 1.29 

321 33 27.10 

26.86 

- .24 

- .12 

- .15 

- .12 

- .09 

+ .17 

.973 

+ .273 

- .44 

73 14 38.36 

39.51 

+ 1.15 

+ .64 

+ .40 

+ .61 

+ .75 

+ 1.01 

.973 

+ .273 

+ 1.83 

329 57 56.39 

56.23 

- .16 

- .09 

- .11 

- .07 

-.06 

+ .21 

.973 

+ .273 

- .32 

321 56 48.13 

48.26 

+ .13 

- .12 

- .14 

+ .25 

+ .27 

+ .53 

.974 

+ .273 

- .44 

345 6 52.71 

63.24 

+ .53 

- .04 


+ .57 

+ .68 

+ .84 

.974 

+ .273 

- .15 

320 4 59.49 

59.76 

+ .27 

-'.13 

- .15 

+ .40 

+ .42 

+ .68 

.974 

+ .273 

- .47 

77 28 32.16 

30.60 

- 1.66 

+ .73 

+ .61 

- 2.39 

- 2.27 

- 2.01 

.974 

+ .273 

+ 2.46 

43 57 .... 

■ • • * 




« > f • • 



.974 

+ .273 


326 S 3 48.42 

48.67 

+ .25 

- .10 

- .11 

+ .36 

+ .36 

+ .62 

.976 

+ .273 

- .37 

314 26 27.13 

27.21 

+ .08 

- .16 

- .16 

+ .24 

+ .24 

+ .50 

.976 

+ .273 

- .67 


TABLE L 


5 

Tr. 

App . 

A 

Mire 

rtjj 

ilRi 

78+785 







h m 8 

fi 


S 

}A 


+ 41.9 

1 58 32.852 

- 1.977 

+.017 

-.678 

— .048 

-.018 


32.757 

- 2.016 


-.659 

-.059 

-.014 

+ 23.1 

2 2 14.670 

- 1.962 

+ .364 

-.678 

-.048 

-.024 


14.605 

- 1.995 


-.659 

-.059 

-.019 

+ 2.9 

2 38 45.279 

- 1.714 

+ .641 

-.083 

-.048 

-.032 


45.122 

- 1 .742 


-.659 

-.056 

-.005 

+ 26.9 

2 44 50.665 

- 1.818 

+.304 

-.684 

-.048 

-.022 


50.489 

- 1.850 


-.659 

-.056 

-.003 

+ 3.8 

2 67 41.480 

- 1.633 

+.629 

-.686 

-.048 

-.032 


41.410 

- 1.660 


-.659 

-.055 

-.005 

786-786 






+ 17.9 

13 43 5.551 

- 2.825 

+.441 

-.636 

-.078 

+.014 


6.443 

- 2.814 


-.619 

-. 034 , 

+.029 

- 5.6 

14 11 26.067 

- 3.066 

+.750 

-.640 

-.084 

+.021 


25.962 

- 3.058 


—.616 

-.034 

+.044 

- 13.0 

14 14 23.419 

- 3.145 

+.847 

-.641 

-.084 

+.024 


23.282 

- 3.136 


-.616 

-.034 

+.061 


Katoi Ratcg Bates 


Bates 


+.134 

+.091 

+.170 

+.190 

+.080 

+.090 

+.079 

+.107 



[•«* 


+.133 
+.102 
+.191 
+.200 
+.102 

3 +.078 

+.060 
+.086 
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-19.6 
+27.0 
+ 6.7 
+15.9 

- 4.5 
+21.7 
”1“12.9 
-15.6 
+14.5 
+24.9 
+12.6 
-15.4 

- 2.9 
+29.2 
+41.9 
+23.1 


h m 8 

15 7 15.953 
16.829 
15 30 67.653 
57.422 
15 39 57.679 
57.530 

15 62 24.161 

24.018 

16 13 42.684 

42.691 

16 26 26.359 

26.224 

17 1 18.911 

18.815 
17 5 24.156 
24.028 
17 10 39.003 
38.853 
17 11 24.726 
24.613 
17 30 62.114 
I 52.016 

17 32 37.180 

37.065 

18 16 48.117 

48.021 
1 48 5.899 
5.853 

1 58 32.757 

32.702 

2 2 14.605 


App. 


-3.670 

-3.565 

-3.184 

-3.176 

-3.372 

-3.368 

-3.322 

-3.318 

-3.640 

-3.640 

-3.357 

-3.363 




-13. 

+30. 

+14. 



-4.038 
-3.514 
-3.514 
-3.403 
-3.402 
-3.565 
-3.568 
-4.093 
-4.099 
-3.860 
-3.868 
-2.058 
-2.093 
-2.016 
-2.055 
-1.996 
-2.028 
-1.742 
-1.772 
-1.850 
-1.883 
1.660 I +.629 
-1.691 

-2.814 
-2.805 
2.857 +.291 
-2.847 
-3.071 
-3.064 
-3.136 
-3.130 
-2.975 
-2.964 
-3.060 
-3.053 
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8 

Tr. 

App . 

A 

Mire 

02 

m 

dR ^ 

Ratei 

Rates 

Rates 

RatCi 

0 

h m 8 

B 

8 

B 

B 

S 

8 

B 

B 

h 

B 

-|- 2.2 

14 41 49.620 

- 3.161 

+.649 

-.615 

-.035 

+.035 

+.027 




E^m 


49.507 

- 3.155 


-.593 

-.016 

+.030 

+.027 





- 19.5 

15 7 15.829 

- 3.565 

+.938 

-.614 

-.036 

+.056 

+.045 


+.127 

+.136 

+.128 


15.682 

- 3.560 


-.590 

-.019 

+.048 

+.044 





- 9.1 

15 12 18.939 

- 3.435 

+.795 

-.614 

-.037 

+.044 

+.035 






18.846 

- 3.431 


-.590 

-.020 

+.038 

+.034 

- 




• 4 - 29.4 

16 24 11.430 

- 3.144 

•+.264 

-.613 

-.038 

+.023 

+.019 

+.078 

+.080 

+.083 

+.080 


11.338 

- 3.136 


-.590 

-.023 

+.020 

+.019 





+ 27.0 

15 30 67.422 

- 3.176 

+.303 

-.613 

-.038 

+.024 

+.020 

+.068 

+.071 

+.061 

+.072 


57.340 

- 3.169 


-.590 

-.024 

+.044 

+.019 





+ 4.7 

15 46 27.461 

- 3.414 

+.617 

-.612 

-.039 

+.034 

+.029 

+.054 

+.060 

+.042 

+.061 


27.390 

- 3.411 


-.590 

-.027 

+.052 

+.028 





- 19.6 

16 0 23.296 

- 3.872 

+.939 

-.612 

-.040 

+.057 

+.048 

+.043 

+.064 

+.024 

+.055 


23.231 

- 3.871 


-.590 

-.030 

+.087 

+.047 





- 4.5 

16 13 42.591 

- 3.640 

+.735 

-.612 

-.041 

+.040 

+.036 

+.090 

+.098 

+.076 

+.099 


42.486 

- 3.640 

' 

-.592 

-.032 

+.062 

+.034 





+ 21.7 

16 26 26.224 

- 3.353 

+.385 

-.612 

-.043 

+.010 

+.023 

+.089 

+.093 

+.091 

+.093 


26.127 

- 3.352 


-.593 

-.035 

+ .012 

+.023 





- 15.6 

17 5 24.028 

- 4.038 

+.883 

-.612 

-.047 

+.020 

+.048 

+.026 

+.033 

+.031 

+.034 


23.995 

— 4.042 


-.599 

-.042 

+.022 

+.047 





-|- 14.5 

17 10 38.853 

- 3.514 

+.487 

-.612 

-.047 

+.012 

+.027 

+.037 

+.041 

+.040 

+.041 


38.815 

- 3.518 


-.602 

-.043 

+.013 

+.027 





- 1 - 24.9 

17 11 24.613 

- 3.402 

+.336 

-.612 

-.047 

+.010 

+.024 

+.044 

+.046 

+.045 

+.047 


24.566 

- 3.402 


-.602 

-.043 

+.011 

+.023 





- 24.9 

17 16 41.764 

- 4.337 


-.612 

-.048 

+.027 

+.064 

+.100 

+.105 

+.102 

+.106 


41.661 

- 4.343 


-.603 

-.044 

+.030 

+.063 





•+■ 4.2 

17 22 10.818 

- 3.681 

+.623 

-.612 

-.049 

+.014 

+.033 

+.053 

+.065 

+.054 

+.066 


10.763 

- 3.684 


-.604 

-.045 

+.015 

+.032 





- 1 - 12.6 

17 30 62.016 

- 3.568 

+.513 

-.613 

-.050 

+.012 

+.029 

+.070 

+.071 

+.070 

+.072 


51.949 

- 3.574 



-.046 

+.013 

+.028 





-f 27.8 

17 43 0.015 


+.291 

HRy 

-.051 

+.010 

+.023 

+.096 

+.096 

+.095 

+.096 


42 59.920 




-.048 

+.011 

+.023 





-h 9.6 

18 3 1 1.984 i 


+.554 

HRR 

- .053 

+.013 

+ .031 

+.067 

+.064 

+.063 

+.064 


11.926 

- 3.650 


-.617 

-.051 

+.014 

+.031 





- 2.9 

18 16 48.021 

- 3.868 

+.715 

-.614 

-.055 

+.016 

+.039 

+.141 

+.132 

+.131 

+.133 


47.898 

- 3.879 


-.624 

-.053 

+.017 

+.038 

■, 





Sums 51 H"4.871 -|”4.608 ■4"4.496 
Daily Rate + .0956 + .0904 + .0882 + .0905 


A selection is now made of the 12’‘ groups for ob- 
taining the computed clock corrections, (ATc, Table 0). 
In forming these groups, stars are so selected that the 
mean times of the groups are as nearly 12 hours apart 
as possible, in order to eliminate Aa« and any diurnal 
errors. After the azimuth corrections (ai, Table «N) 
are applied to these stars, the corrected transits are 
subtracted from Apparent P. G. G. to form ATo, 
Table 0. The means of ATo are now taken for each 


12 hour group and the successive means of these are 
formed. These means are corrected for ratei and we 
have ATci = H-13''.623 for 8*' 19°^ June 30. 

A table of clock corrections is now expanded for 
every hour using this value of ATci with an hourly 
rate of -|-®.0040 (from ratei). Applying these clock 
corrections and ai to the circumpolar stars, we obtain 
the first approximation to the positions of the cir- 
cumpolar stars 
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TABLE 0 



S 

AT., 

ATb 

. dRi 

{22^2 

A^oa 

ATo4 

784 

h 

0 

8 

B 

a 

8 

8 

3 

2.0 

+42 

+13.313 

+13.313 

+.018 

+.039 

+13.331 

+13.362 

2.0 

+23 

+13.376 

.+13.365 

+.024 

+.063 

+13.389 

+13.418 

2.4 

+ 8 

+13.370 

+13.363 

+.030 

+.071 

+13.383 

+13.424 

2.6 

0 

+13.280 

+13.269 

+.034 

+.083 

+13.293 

+13.342 

2.6 

+ 3 

+13.261 

+13.231 

+.032 

+.080 

+13.263 

+13.311 

2.8 

+27 

+13.294 

+13.284 

+.022 

+.055 

+13.306 

+13.339 

3.0 

+ 4 

+13.387 

+13.366 

+.032 

+.081 

+13.398 

+13.447 

786 








13.8 

+19 

+13.516 

+13.634 

-.014 

-.020 

+13.520 

+13.514 

14,0 

+ 2 

+13.489 

+13.518 

-.018 

-.026 

+ 13.500 

+13.492 

14,2 

- 6 

+13.470 

+13.603 

-.021 

-.031 

+13.482 

+13.472 

14.2 

-13 

+13.444 

+13.492 

-.024 

-.036 

+13.468 

+13.456 

14,6 

- 5 

+13.645 

+13.578 

-.021 

-.031 

+13.557 

+13.647 

14.7 

+27 

+13.493 

+13.507 

-.012 

-.019 

+13.495 

+13.488 

1.8 

+29 

+13.496 

+13.497 

+.017 

+.046 

+13.614 

+13.543 

1.8* 

+20 

+13.410 

+13.411 

+.020 

+.052 

+13.431 

+13.463 

2.0 

+42 

+13.447 

+13.447 

+.014 

+.038 

+ 13.461 

+13.485 

2.0 

+23 

+13.466 

■ +13.467 

+.019 ' 

+.053 

+13.486 

+13.520 

2.6 

+ 3 

+13.421 

+13.422 

+.005 

+.080 

+ 13.427 

+13.502 

2.8 

+27 

+13.484 

+13.484 

+.003 

+.055 

+13.487 

+13.539 

3.0 

+ 4 

+13.468 

+13.468 

+.006 

+.081 

+13.473 

+13.549 

786 1 








13.7 

+18 

+13.584 

+13.592 

-.029 

-.020 

+13.663 

+13.572 

14.0 

+28 

+13.641 

+13.647 

-.025 

-.018 

+13.622 

+13.629 

14.1 

-10 

+13.572 

+ 13.587 

-.048 

-.033 

+13.539 

+13.664 

14.2 

- 6 

+13.649 

+13.663 

-.044 

-.031 

+13.519 

+13.532 

14.6 

+14 

+13.615 

+ 13.626 

-.029 

-.022 

+.13.597 

+13.604 

14.7 

+ 2 

+13.687 

+ 13.602 

-.035 

-.027 

+13.667 

+13.575 

14.9 

- 8 

+13.652 

+ 13,671 

-.043 

r 

-.034 

+13.628 

+13.637 

1.8 

+29 

+13.577 

+13.569 

+.024 

+.046 

+ 13.583 

+13.604 

2.0 

+42 

+13.540 

+13.540 

+.020 ' 

+.038 

+ 13.560 

+13.678 

2.0 

+23 

+13.571 

+13.546 

+.027 

+.052 

+ 13.673 

+13.698 

2.4 

+ 8 

+13.511 

+13.471 

+.034 

+.070 

+ 13.505 

+13.641 

2.6 

+ 3 

+13.526 

+13.482 

+.036 

+.078 

' +13.518 

+13.660 

2.8 

+27 

+13.618 

+13.697 

+.025 

+.055 

+13.622 

+13.652 

3.0 

+ 4 ■ 

+13.640 

+13.597 

+.036 

+.080 

+13.633 

. +13.677 

787 








13.8 

+19 

+13.728 

+13.733 

-.024 

-.020 

+13.709 

+13.713 

14.0 

+28 

+13.699 

+13.703 

-.020 

-.017 , 

+13.683 

+13.686 

14.1 

-10 

+13.693 

+13.707 

-.038 

-.033 

+13.669 

+13.674 

14.2 

+20 

+13,716 

+13.723 

-.023 

-.020 

+13.700 

+13.703 

14.2 

-13 

+13.694 

+13.710 

-.041 

-.035 

+13.669 

+13.675 

14.6 

+14 

+13.727 

+13.739 

-.025 

-.022 

+13.714 

+13.717 

14.7 

+ 2 

+13.680 

+13^696 

-.030 

-.027 

+13.666 

+13,669 
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2 29 +.324 


8 22 +.408 

+.096 

+.604 

14 16 +.492 

20 16 +.474 

+.048 

+.622 

2 17 +.466 

8 18 +.621 

.000 

+.621 

14 19 +.586 

20 20 +.677 

-.048 

+.529 

2 22 +.569 

8 18 +.637 

-.096 

+.541 

14 15 +.705 

8 19 

ATei + 13°523 

2 29 +.338 

8 22 +.421 

+.088 

+.509 

14 16 +.604 

20 16 +.486 

+.044 

+.530 

2 17 +.468 

8 18 +.515 

.000 

+.516 

14 19 +.662 

20 20 +.566 

-.044 

+.522 

2 22 +.571 

8 18 +.629 

-.088 

+.541 

14 15 +.687 

8 19 

ATcs + 13.623 


TABLE P 


+ 88‘’.9 


29 “ 

45‘.230 

+86 .3 

4 

9 

45 .192 

+ 87.2 

7 

1 

36 .424 

+82 .6 

7 

13 

61 .576 

+87 .6 

15 

4 

0.193 

+82 .2 

16 

54 

31 .819 

+86 .6 

17 

59 

20 .681 

+89 .0 

19 

3 

51 .576 


Table P contains the R. A.’s of azimuth stars de- 
rived at this stage of the work from the observations 
on all the scries when double transits were obtained. 
These positions are used in computing the azimuth 
for each star (aci, Table Q), formula (13) 

. (Xc — + AT^c) 

“ = 

The values of aci are now plotted and curves drawn 
to interpolate the spaces between the azimuth stars, 
giving a second approximation of azimuth (oa, Table 
N). Substituting azimuth from curves (oa) for azi- 
muth through mire (ai) in Tables L and 0, we have the 
second approximation to clock rate, +".0904 and to 
ATc, + 13 -. 527 . 


+.310 

+.416 

+.090 

+.606 

+.622 

+.490 

+.045 

+.635 

+.457 

+.628 

.000 

+.528 

+.598 

+.570 

-.046 

+.525 

+.642 

+.629 

-.090 

+.539 

+.716 



a 


' 

A!rc 2 + 13.527 

+.376 

+.436 

+.091 

+.527 

+.496 

+.604 

+.045 

+.549 

+.614 

' ■ +.543 

.000 

+.643 

+.672 

+.686 

-.045 

+.641 

+.601 

+.646 

-.091 

+.665 

+.691 



8 



ATc 4 + 13.543 





TABLE Q 





flcl 

azi 

ac 2 

az 2 

l^^ 

29 “ 

-.047 

-.081 

-.098 

-.096 

13 

29 

-.074 

-.049 

-.054 

-. 064 : 

16 

9 

-.104 


-.080 

• li • • • 

16 

54 

-.121 


-.097 


17 

59 

-.092 


-.065 


1 

29 

-.062 

-.074 

-.112 

-.090 

13 

29 

-.035 

-.012 

-.016 

- .026 

16 

9 

-.038 


-.014 


17 

59 

-.033 


-.006 

* ■ • « « 

19 

1 

-.038 


-.011 


19 

3 

-.061 


-.024 


19 

13 

-.080 


-.063 


1 

29 

+.009 

-.032 

-.038 

-.060 

13 

29 

-.023 

+.019 

-.004 

+.013 

16 

3 

-.024 


-.003 


16 

9 

+.014 


+.037 


16 

54 

-.070 


-.045 


17 

59 

-.034 

« • • • t 

-.007 
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dR for this series. Table S gives values of F” for 
transits and F' for Z. D.^s in which second order terms 
have been included. 

In Table T, column (1) contains the log correction 
of log (ft tan z) for y and ^ + Y in the Pulkova Re- 
fraction Tables III, V, VII. Column (2) is the sum 
of the log corrections of y and l3 + T. The relative 
refraction, jli, is the natural number corresponding 
to the logarithm in column (2). The hourly rate of 
change of the refraction, p, is the hourly rate of change 
of u. For convenience in the solution p is multiplied 
by 100. 


The entire second approximation including azimuth 
from curves, and rat 62 and ATc^ depending on azimuth 
from curves, may be omitted in our reductions. The 
mire readings, we have found by a recent study, are a 
far better measure of the changes in azimuth than was 
at first supposed. It may be well to mention here, 
that the mire is placed fairly close to the transit house, 
about 300 feet, thus eliminating any refraction error 
in the mire readings that would arise from a mire 
placed a few miles away as suggested by some ob- 
servers. The azimuths ‘from curve ( 02 ) are applied to 
the corrected transits of all the fundamental stars; 
the corrected transits are subtracted from apparent 
P. G. C. to form ATo, Table R; and from ATo the 
expanded clock corrections ATC 2 are subtracted to 
form na. 

It will be understood that it would be utterly im- 
possible to evaluate such systematic corrections as 
Aa«, Aaa and East minus West, using only one series, 
so we examine for dR first, as the effect of differential 
refraction is the most erratic and, at the same time, 
the largest of our errors. The formula for the factor 
of this term in right-ascension, taldng into account the 
second order term, is P' = seca sec 2(1 — .00116 sec^ 2 ). 
Owing to our inability to correct the transits for dR 
before computing the azimuth correction from formula 
(13), we must take into account the error due to the 
dR introduced into thfe azimuth corrections. The 
formula, corrected for this error, F" ~ sec 5' (+2,0017 
sin 2 ' + sec 2 ' 00116 sec® 2 ) was used in computing 


N.Z.D. 


82 

-8.40 

80 

—6.66 

78 

-6.34 

76 

-44.1 

74 

-3.68 

72 

-3.10 

70 

-2.63 

65 

-1.77 

60 

-1.18 

56 

- .73 

50 

- .39 

Pole 47 21 

46 

- .11 

40 

+ .13 

30 

+ .61 

20 

+ .82 

10 

+1.10 

0 

+1.36 


TABLE S 
ri N.Z.D. 

360 
350 
340 
330 
320 
310 
300 
295 
290 
288 
286 
284 
282 
280 
278 


F". 

F'z 

+ 

1.36 

+ 1.00 

+ 

1.62 

+ 1.03 

+ 

1.89 

4” 1.13 

“1" 

2,20 

+ 1.33 

+ 

2,69 

+ 1.70 

+ 

3.11 

+ 2.41 

+ 

3.90 

+ 3.95 

+ 

4.50 

+ 5.50 

+ 

6.38 

"1“ 8.31 

+ 

5.86 

+10.11 

+ 

6.44 

+12.59 

+ 

7.18 

+16.10 

+ 

8.13 

+21.32 

+ 

9.46 

+29.41 

+11.30 

+42.46 


784 

( 1 ) 

y -.01164 
/5+r + 359 

-.01644 
+ 348 

785 

-.01669 
+ 242 

-.01479 
+ 258 

-.01359 
+ 265 

-.00984 
+ 319 

-.01239 
+ 431 

-.01479 
+ 423 

-.01509 
+ 419 

786 

-.02406 
+ 272 

-.02461 
+ 276 

-.02064 
+ 249 

-.01669 
+ 260 
-.01069 
+ 277 

-.00863 
+ 293 

-.00608 
+ 303 


TABLE T 
( 2 ) 

h m 

- .00805 1 40 

-.01296 3 0 

-.01417 13 35 

-.01221 14 55 

-.01094 15 30 

-.00665 18 15 

-.00808 1 40 

-.01056 2 30 

-.01090 2 55 

-.02134 9 45 

-.02175 10 20 

-.01815 13 20 

-.01399 14 30 

-.00782 16 25 

-.00570 18 25 

-.00305 19 36 


M P 

.9816 

-.825 

.9706 


.9679 

+.330 

.9723 

+.480 

.9751 

+.353 

.9848 


.9816 

-.672 

.9760 

-.192 

.9762 


.9520 

-.136 

.9512 

• 

.9591 

+.788 

.9683 

+.725 

,9822 

+.240 

.9870 

+.514 

.9930 



+42.46 

+29.41 

+21.32 
+16.10 
+12.59 
+ 10.11 
+ 8.31 
+ 6.60 
+ 3.95 
+ 3.02 
+ 2.41 

+ 1,99 
+ 1.70 
+ 1.33 
+ 1.13 
+ 1.03 
+ 1.00 
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-.01209 
+ 326 

-.00883 

1 35 

.9799 

-.920 

-.01494 
+ 307 

-.01187 

2 20 

.9730 

-.920 

-.01885 
+ 282 

787 

-.01603 

3 20 

.9638 


-.02302 
+ 86 

-.02216 

13 40 

.9603 

+.619 

-.01734 
+ 106 

-.01628 

15 45 

.9632 

+1.166 

-.01434 
+ 111 

-.01323 

16 20 

1 

.9700 

+.273 

-.01179 
+ 111 

-.01068 

18 25 

.9757 



A least square solution is now made for dR = 
eF"ju +/F"/xp ~ n which gives 

+«.0014 F"ijl + “.0174 F' Vp = n. 

(In the formation of normal equations the weights are 
reduced for stars of low Z. D.’s using table of weights, 
App. Ill, page 281 P. G. C.) Expanding these values 
we get dRi (Table R). 
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It will be noticed by comparing dRi with na that 
there is an excellent agreement of signs throughout the 
entire series, but it will also be seen that the correc- 
tions for daytime stars, while they agree in signs, are 
not large enough. As was pointed out in Part I, this 
is largely due to using the readings of the shade ther- 
mometer in place of the Sun thermometer. As we 
have no means of getting the Sun temperatures, we 
use the formula that represents them. A least square 
solution of the form 

eF"fi + P'V {a sin r + & cos T + c sin 2T 
■f d cos 2P) = w 

where T - a — Q gives 

F"ii (-“.0044 +“.0135 sin T -“.0186 cos T 
+“.0068 sin 2 T -“.0002 cos 2 T ) = dRi 

I 

Expanding for these values we have dRi, Table R. 
Comparing dRi with dRi it is seen that the values for 
the daytime stars have been increased while the values 
for the night stars are practically the same. 


TABLE U 


a 

Obs’us 

A.M.T. 

dRi 

dRi 

na 

n — dRi 

n — dRi 

n' — dRi 

h m 


h m 

8 

B 

a 

8 

B 

B 

2 28 

7 

20 0 

-.027 

-.066 

-.104 

-.076 

-.038 

-.054 

13 47 

4 

7 15 

+.017 

+.024 

+.038 

+.021 

+.014 

-.002 

14 24 

5 

7 52 

+.031 

+.045 

+.041 

+.010 

-.004 

-.020 

15 35 

9 

9 3 

+.025 

+.036 

+.070 

+.045 

+.034 

+.018 

16 26 

8 

9 54 

+.026 

+.042 

+.080 

+.054 

+.038 

+.022 

17 28 

10 

10 56 ■ 

+.025 

+.045 

+.078 

+.053 

+.033 

+.017 

2 17 

7 

19 45 

-.012 

-.058 

-.048 

-.036 

+.010 

'I 

-.006 

9 55 

4 

3 19 

-.002 

+.001 

-.015 

-.013 

-.016 

-.032 

13 50 

2 

7 14 

+.027 

+.019 

+.071 

+.044 

+.062 

+.036 

14 34 

12 

7 58 

+.044 

+.033 

+.035 

-.009 

+.002 

-.014 

15 34 

13 

8 58 

+.041 

+.035 

+.055 

+.013 

+.010 

+.004 

16 30 

5 

9 54 

+.032 

+.046 

+.045 

+.013 

-.001 

-.017 

17 20 

10 

10 44 

+.016 

+.038 

+.075 

+.059 

+.037 

+.021 

18 16 

4 

11 40 

+.032 

+.059 

+.063 

+.031 

+.004 

-.012 

19 19 

5 

12 43 

+.028 

+.036 

+.036 

+.007 

-.001 

-.017 

2 33 

11 

19 57 

-.030 

-.064 

-.049 

-.019 

+.016 

-.001 

13 47 

5 

7 7 

+.027 

+.023 

+.067 

■ +.040 

+.044 

+.028 

14 29 

11 

7 49 

+.039 

+.035 

+.053 

+.011 

+.018 

+.002 

15 33 

10 

8 53 

+.057 

+.041 

+.047 

-.010 

+.006 

-.010 

16 15 

6 

9 35 

+.055 

+.039 

+.041 

-.014 

+.002 

-.014 

17 26 

12 

10 46 

+.017 

+.037 

+.055 

. +.038 

+.018 

+.002 
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TABLE Ui 


4 

3 19 

-.002 

+.001 

-.015 

-.013 

-.016 

-.032 

5 

7 7 

+.027 

+.023 

+.067 

, +.040 

+.044 

+.028 

2 

7 14 

+.027 

+.019 

+.071 

+.044 

+.052 

+.036 

4 

7 15 

+.017 

+.024 

+.038 

+.021 

+.014 

-.002 

11 

7 49 

+.039 

+.035 

+.053 

+.011 

+.018 

+.002 

5 

7 52 

+.031 

+.045 

+.041 

+.010 

-.004 

-.020 

12 

7 58, 

+.044 

+.033 

+.035 

-.009 

+.002 

-.014 

10 

8 53 

+.057 

+.041 

+.047 

-.010 

+.006 

-.010 

13 

8 58 

+.041 

+.035 

+.055 

+.013 

+.010 

+.004 

9 

9 3 

+.025 

+.036 

+.070 

+.045 

+.034 

+.018 

6 

9 35 

+.055 

+.036 

+.041 

-.014 

+.034 

+.018 

6 

9 54 

+.026 

\ 

+.042 

+.045 

+.054 

+.038 

+.022 

8 

9 54 

+.032 

+.046 

+.080 

+.013 

-.001 

-.017 

10 

10 44 

+.016 

+.038 

+.076 

+.059 

+.037 

+.021 

12 

10 46 

+.017 

+.037 

+.055 

+.038 

+.018 

+.002 

10 

10 56 

+.025 

+.045 

+.078 

+.053 

+.033 

+.017 

4 

11 40 

+.032 

+.059 

+.063 

+.031 

+.004 

-.012 

6 

12 43 

+.028 

+.036 

■ +.035 

+.007 

-.001 

-.017 

7. 

19 45 

-.012 

-.058 

-.048 

-.036 

+.010 

-.006 

11 

19 57 

-.030 

-.064 

-.049 

-.019 

+.015 

-.001 

7 

20 0 

-.027 

-.066 

-.104 

-.076 

-.038 

-.054 


In Table U are exhibited the hourly means for dRi, | have not been materially changed as we computed our 

rates in such a form as to eliminate this error. 

In Table Oj dRi and dRz are applied to AT02 to 
form AToa and AToi] then ATcz and ATci are computed. 
Although we have applied corrections ranging from 
+®.036 to — ®.038 for dRi and from +®-081 to —“.036 
for dRz the mean value for ATca has been changed by 
only — ®.004 and that for ATC4 by '•+.016, showing that 
the method of eliminating this term in the first approx- 
imation was very good. The greatest improvement 
here is not in the final computed values but in har- 
moninizing the 12^ groups. 

In the following table are given the means of each 
12*^ groups for Aro2, ATos, and AT04 in columns 1, 2, 
and 3. Correcting these for rate we have, 4, 5, and 6 
and taking out the means we have 7, 8, and 9. 

Column 7 shows the diurnal term in our original 
ATo’s; column 8 shows the diurnal term greatly re- 
duced by dRi and in column 9, corrected for dRz a still 
greater portion of it has been taken out. 

A study of the azimuth correction will prove inter- 
esting. In Table Q, aci and aci have been computed 
from azimuth stars using Albany positions and the 

formula a = a.Zi and azz have been 

A . . 

computed from double transits . using mire curves, 
aca and aza have been corrected for dRz- Compare 
oci and azi. Notice that the changes in azimuth from 


dRif 9ia, 71 — dRif n — dRz and n' — dRz. In n' — dRz 
we use ATc corrected for dR (ATci, Table 0). In this 
table for showing the diurnal effect, the north stars 
are omitted as there are no day observations north 
except for circumpolar stars.- In Ui are shown the 
same means arranged according to mean time. These 
tables require very little explanation. The reader will 
see immediately that where we had a solid column of 
plus v/b for night, and minus n’s for day, the corrected 
values are now evenly divided between plus and 
minus. It will probably be interesting at this point to 
show how the probable errors have been reduced when 
the stars have been corrected for dR. In the first line 
below, the n’s have not been multiplied by cosine, but 
the stars within 10° of the pole have been omitted on 
account of the large secants. In the second line the 
n’s have been multiplied by the cosine. 

no. n — dRi n — dRz 

[v] 

.8463 = =J=».058 = ±“.049 = ±“.042 

m 

p, e, cos5 =±“.049 =±“.035 =±“.030 

Now that the effect of dR on the stars as a whole has 
been shown, let us examine the effect of this correction 
on the 24*^ rates, 12^ groups, and azimuth corrections. 
The 24^ rates corrected for dRi and dR^ (Table L) 
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(1) 

(2) 

(3) 

+•.310 

+«.338 

+“.376 

+ .522 

+ .504 

+ .495 

+ .457 

+ .468 

+ .514 

+ .598 

+ .562 ■ 

+ .572 

+ .542 

+ .671 

+ .601 

+ .716 

+ .687 

+ .691 

' 

Means 



(4) 

(6) 

(6) 

+".422 

+“.448 

+‘.490 

+ .689 

+ .570 

+ .663 

+ .479 

+ .490 

+ .537 

+ .576 

+ .540 

+ .649 

+ .476 

+ .505 

+ .533 

+ .604 

+ .577 

+ .677 

+’.629 

+*.626 

+“.541 


(7) 

(8) 

(9) 

-•.107 

-“.078 

-“.051 

+ .060 

+ .044 

+ .022 

-.060 

-.036 

-.004 

+ .047 

+ .014 

+ .008 

-.054 

- .021 

-.008 

+ .075 

+ .051 

+ .036 


one transit of Polaris to the next for aci do not agree 
with changes in azimuth for agi through mire. Now 
compare azi with azz and acj corrected for dR and 
notice how well the changes iii azimuth computed 
■with Albany R. A.'s and those computed through the 
mire agree. The following table will help to bring 
out this point. 


1 29 

flcl 

azi 

® c 2 

azi 

13 29 

-.027 

+.032 

+.044 

+.032 

1 29 

-.012 

-.025 

-.058 

-.026 

13 29 

-.027 

+.062 

+.096 

+.064 

1 29 

-.044 

-.020 

-.022 

-.024 

13 29 

+.032 

+.051 

+.034 

+.063 


This alternation of signs for observations 12 hours 
apart has been long known here and we hope, when all 
the fundamental stretches have been reduced, to be 
able to offer a solution. Until then, it would be use- 
less to even suggest an explanation. 

Zenith Distances 

Before a study of systematic corections is made, all 
th(J zenith distances of the fundamental stars are cor- 
rected for division-error, error of runs, sine-flexure, 
curvature, inclination of zenith-distance wire, vertical 
refraction, nadir reading and north minus south. 

The double transits of the circumpolar stars are cor- 
rected for apparent place ^ind the means of the succes- 
sive pairs are taken. The mean of these values gives 
the zenith distance at pole 47° 20' 47".07 (Table V), 
from which the equator point 317° 20' 47".07 is derived. 

In Table R, the apparent P. G. C. zenith distances 
are formed by adding the equator point to the apparent 
declination of P. G, C. Then the observed Z. D.'s are 
subtracted from P. G, C, Z. D.'s to form nfi. 


TABLE V 

CB-j-dE 


784 

h m 

1 29 

46 12 12.17 

QO 

•• + 

12.35 * 



47 20 47.235 


47.485 

785 

13 29 

48 29 22.30 

+.32 

22.62 



47 20 47.305 


47.555 

786 

1 29 

46 12 12.31 

+.18 

12.49 



47 20 47 . 326 ' 


47.580 

786 

13 29 

48 29 22.34 

+.33 

22.67 



47 20 46.855 


47.110 

786 

1 29 

46 12 11.37 

+.18 

11.55 



47 20 46.635 

, 

46.905 

787 

13 29 

48 29 21.90 

+.34 

22.26 


Zenith distance at pole 47 20 47.07 47.33 

Equator point 317 20 47.07 47.33 


Solutions of the same form as in R. A. are made and 
the equations for the stars of low Z. D.'s are given 
reduced weight, (see P. G. C,). The formula for P' is 

sec® z (1.00232 -.003486 sec^ z) - F 

The values from these solutions are 

CR -h dRi - -h".282P +".021 -".069 Fjup 

using values for p derived from the meterorogy as 
actually recorded, and 

CR + dRi = +".295P +".110Fm +Fm(+". 067 sin T 
+".137 cos T +".083 sin 2T +".043 cos 2T) 

where the expression for p as derived in Part I is used. 

The expanded values for CP + dRi and CR + dRi 
are found in Table R; also, 

n-{CR + dRi) = n' w - (CP + dRi) = n" 

The dR is now applied to the double transits (Table Y) 
and a new equator-point, 317° 20' 47".33, .oolhputed. 
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This equator-point is used in forming new n's for a 
second approximation to dR. 

Since practically all of the dR term is in right ascen- 
sion for this stretch, the zenith distances do not offer 
as striking a showing for individual stars. However 
the equator-points derived from the north and south, 
corrected for dl 22 , are brought together and are made 
to agree with the equator-point from the double 
transits. 

In the following table column 1 gives the number of 
observations, column 2 the equator-points from the 
original observations and column 3 the equator-points 
corrected for CR + dRi. 



(1) 

(2) 

(3) 

Double Tr. 

6 

317° 20' 47".07 

47.33 

North 

47 

47 .18 

47.28 

South 

155 

46 .81 

47.25 


This article is the result of many years of labor spent 
in the attempt to disentangle the very perplexing 
phenomena that develop when daylight observations 
are compared with night observations. Except for 
the example, the concluded results in Part I are based 
upon solutions using the value of p derived from Albany 
shade temperatures. It was only when we came to 
gather all the material together for final discussion 
that we felt warranted in using the single and double 
sine and cosine term for p. That this conclusion, 
which is the keynote to the present discussion, was 
fully warranted is sufficiently brought out in the 
example. 

In closing, I wish to express my appreciation of the 
interest taken in the investigation and the many 
facilities afforded me by "the Director. To Dr. R. W. 
Willson of Harvard College I feel especially indebted 


After each stretch has been corrected for dR, as shown 
in this example, the next step would be to evaluate 
Aaa, Aas, E — W, A6a, and ASs using the stars from all 
the fundamental stretches. Modifying the 12^ groups, 
ATca, and na, for Aaa, Aas, and E — W, and m for 
ASa and ASs, the second approximation for dR should 
be made. When the transits and Z. D.’s are corrected 
for this final dR, an investigation can be made for 
personal errors, irregularities in the clock rate, and for. 
variation of the latitude. As we have used one stretch 
only the methods to be employed investigating the 
above enumerated systematic correctionB»*are to be 
inferred from Part II. But this example shows that 
our theory of dR as developed in Part I is fully sub- 
stantiated by the observations and that it is real and 
very important. Also, the great improvement in the 
various constants of reduction when the expression 
for p is used over that when p from the Albany meteor- 
ology is used, cannot fail to attract the attention of the 
reader. 


for the encouragement he gave me in the early days 
of this investigation as well as for several very helpful 
suggestions he made after examining Parts I and II. 
Also I wish to express my thanks to the various mem- 
bers of the staff who assisted; to Prof. H. Raymond 
who so carefully read and checked Part II ; to Dr. R. 
E. Wilson who so ably assisted in the preparation 
and editing of the article; and to Miss Isabella 
Lange, who has collaborated with me in the investi- 
gation from its very inception. The preparation and 
discussion of the example in Part III is entirely her 
work. Miss Marie Lange, besides regular com- 
puting, has solved all the normal equations. Miss 
Benjamin, Miss Kampp, Miss Willstaedt, Miss 
Cramer, Miss Lasch and Miss Vosbxjrgh have taken 
part in the routine computations of this preliminary 
investigation. 
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